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JOSEPH LEIDY, M. D., LL.D. 

By PKRStFOR Fkazeb, PhiUdelphiii. 

There is no more striking difference between the past and present 
generations of scientific men than the universality of the knowl- 
(Hige of the greatest men of the past and the absence of any pre- 
tension to it in our present representatives. It could not be other- 
wise. In classic times as well as in the middle ages the distinc- 
tion betw^een words and things was not always clearly made. The 
same class of mind which would successfully grapple with the 
paradoxes of the schoolmen was equally serviceable in speculations 
on the philosopher s stone, the existence of phlogiston, or the inter- 
pretation of a Greek text. Words were all important, the methodn 
of logic were conventional, and no extraordinary' memorj' was re- 
quii*ed to master at least in outline all that man liad attained ; 
while the discussion of this knowledge could always l)e turned into* 
the channel of the then philosophy, after which the battle was en- 
tirelv with words and a skillful word-fencer could never be silenced 
however little progress he made in convincing his opponent. 

With the closing half of the last centur}*, however, methods 
were. improved, the number of facts increased in geometrical pro- 
gression with the years, and out of chaos and clamor, orderly 
classification and definite shapes were evoloved, each one requir- 
ing a different interpretation, claiming different classes of men,, 
and requiring different instruments of precision. As the paths of 
res^rch diverged it became more and more difficult for any one- 
man to understand all the regions through which they passed, and. 
one by one the philosophers liecame specialists. In the early 
part of this century the enormous development of natural, and ex^^ 
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perimental science caused the strain ever to increase on those who 
would keep abreast of all departments of research, but still there 
remained the Humboldts, the Herschels, the Faradays, the Reg- 
naults, and in this country the Baches, the Lecontes, the Leidys 
and some others. Joseph Leidy was almost the sole survivor of 
that class of intellectual giants which seemed to be able to assimi- 
late as much as Science in her many forms could produce. Such 
a race could not exist forever and it has passed awa}^ with him. 
After him there are only specialists in one or more subjects, and 
generalizers who seldom come nearer to the truths of nature than 
their description in a book 

The father of Joseph Leidy, Philip, was born in Montgomery 
county (one of those adjacent to the county which is the city of 
Philadelphia), December 5th, 1791 and moving in his youth to 
Philadelphia successfully pursued the business of a hatter. 

By Catherine Melick he had four children of whom the subject 
of this sketch was next to the youngest. Through the death of 
his mother and the marriage of her sister by his father during his 
early infancy, Joseph only knew this kind stepmother who was 
as watchful of him as his real mother could have been. He was 
educated at private schools and early evinced interest in natural 
objects and exhibited that talent for drawing of which he made . 
duch admirable use to the last period of his life. An acci- 
dental opportunity to visit a drug shop, was taken advantage of 
by him to perfect himself in pharmacy in a very short time, while 
the dissection of some domestic animals turned his attention to a 
study which he was destined to link closely with his name. He be- 
gan the study of medicine in 1842, in the University of Pennsyl- 
vania at 19, and in 1844, received the degree of M. D., and in 
1845 was appointed Prosector to the chair of Anatomy, under 
Prof. Horner. In 1848 he went to England, France and Germany 
with Dr. Horner, and again in 1850 with Dr. George B.Wood. 

He had been elected a member of the Boston Society of Nat- 
ural History, and the Academy of Natural Sciences in Philadel- 
phia in 1845, and of the American Philosophical Society in 1849* 
In 1852 he was appointed in Dr. Horner's place professor of an- 
atomy having been elected to the College of Physicians the year 
previous. On the outbreak of the civil war he was appointed 
surgeon of the Satterlee hospital in Philadelphia. In 1864 be 
married Anna Harden. During the succeeding years, thickly 
rttrewn with contributions to science of the highest value, he re- 
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ceived man}' honors from American and European scientific so 
eieties. The long list of them will be found in the careful and 
admirable memoir of Dr. H. C. Chapman in the Proceedings of 
the Academy of Natural Sciences for June 30, 1891, to which I 
am indebted for the statistical information iis to his early life 
given above. 

Among these honors, however, his unanimous and enthusiastic 
election as President of the Academy of Natural Sciences in 1881 ; 
his installation as Director of the Biological department of the 
University of Pennsylvania in 1884; his election as President of 
the Wagner Free Institute of Science ; and the degree of LL. D. , 
which he received from Harvard in 1886 ; the gift of the Walker 
prize of $500 from the Boston Society of Natural History raised 
to SI, 000 as a special recognition of his great services to science; 
the prize of the Royal Microscopical Society in 1879; the Lyell 
medal by the Royal Geological Society in 1884; and the Cuvier 
medal from the Academy of Sciences in Paris in 1888 should not 
be forgotten. 

Dr. Leidy was elected a meraljer of the National Academy of 
Science in 1 884. 

The bare enumeration of his published works extensive in 
length and in variety though it be, would give those who had 
never seen this great naturalist no idea of the man or of the 
source of this combination of versatility and accuracy which ren- 
dered almost every observation he made directly or indirectly an 
addition to science. In all that pertained to the acquisition of 
facts and to coordinating them afterwards he made of himself a 
perfect machine in so far as he was insensible to and unaffected 
by the ordinary passions of ambition or rivalry which influence 
even the best scientists. He had a marvellous eye for noting 
the minutest phenomena and appreciating the most insensible dif- 
ferences; he had an unusually retentive memory for recording 
and keeping in order the vast fund of his observations and the 
records of those made bv others; and he was conscious of the 
limitations of pure inductive philosophy to an extent which made 
the conclusions reached by him safe. It is usually said that he 
never made an enemy. This seems to be too much to say, for ene- 
mies are made by the very fact of superiority, and no doubt this 
great man had them, but if so they were prudent enough to refrain 
from declaring themselves. He would never quarrel, and his de- 
sire for peace at all hazards would have subiected a less earnest 
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and pure minded man to the charge of lack of tenacity, but those 
whose cause lie refused to espouse although he thought it just, gave 
him credit for a higher motive for his action. As an instance of 
the extreme delicacy of his vision, by a single glance through a 
glass case in one of the great University museums of this country 
he detected as imitations a number of specimens of so-called quartz 
which had l>een purchaseii, examined, and mounted by the pro- 
fessor of mineralogy as genuine. When these specimens were 
removed from the case and carefully tested it was found that those 
and only those which he had indicated were artificial. 

He has told us of the prosecution of his study of Rhizopods 
when he expected an Am«eba-like mass to break into two, or an 
enveloped diatom to be extruded, and the patience and endurance 
required to keep the eye at the instrument for hours waiting for a 
change that would occupy but a few seconds. He would wait and 
would see the phenomenon while a student with much more time 
at his disposal would have grown tired and missed it. 

In the Brazilian department of the Centennial Exposition were 
many valuable tourmalines, diamonds, topazes and beryls together 
with a large amount of nearl}' worthless material. This was put 
into the hands of the writer for determination and arrangement. 
He well rememl)ers the glance of Dr. Leidy at a large mass lal)eled 
beryl and his suggestion that it be more closely examined to de- 
termine if it were not a white topaz. The size of the specimen as 
well as its color had deceived the American geologist who had 
shipped it from Brazil, and the writer. But subsequent investigation 
proved it to Ije in fact a white topaz and the largest then known. 

Dr. Leidy was a rare example of a simplicity of character 
which neither adulation nor adversity could tarnish. 

In his very early life a less sincerely devoted student of science 
would have had his head turned by his rapid promotion, by the 
unusual confidence and liking of his superiors, and most of all by 
the extraoiiiinarily flattering attention of the social world, but he 
was not spoiled. Tfe probably noted his sensations on those oc- 
casions jis so many psychological experiences. 

Scientific men in all countries, very generally despise conven- 
tionalisms of dress, conversation, and carriage and there is a cer- 
tain external resemblance l>etwcen them all. Dr. Leidv was one of 
the best American representatives of the scientific class in all these 
respects. A splendid h^ad with kind expression, set upon broad 
stooping shoulders, a deep chest to which an arm generally presse<l 
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books or papers while the other hung free at llie side; a 
straight toed walk with a sailor's swing from one side to the other 
at each of his long and easy strides; these things made him 
noticeable anywhere. People who knew him but slightly would 
go out of their wa}^ to wish him good morning, and would feel a 
touch of satisfaction at receiving his alwaj'^s hearty response. There 
is a beautiful conservatory in Philadelphia, on Chestnut street, 
near Twelfth, where he often stopped to admire the exquisite flowers 
which the generous owners expose to the delectation of their fellow 
citizens. The lucky acquaintance who joined him at such times 
was treated to an exposition of the peculiarities and beauties of 
the various flowers which ran as smoothly and unconsciously from 
him as if he were simpl}' discussing the weather, but which opened 
new vistas of admiration, ijoth of him and of the works of nature 
in his listener. 

- For years he was accustomed to pass a part of every Sunday in 
the mineral cabinet of the late Richard L. Vaux and after Mr. 
Vaux's death in that of Mr. Clarence Bement. Many were the an. 
sound determinations set right and many the fruitful discussions 
over minerals and everything else. 

Like the true naturalist that he was, he l)equeathed his lx)dy to 
his colleagues in the interest of amthropometric science, his friends 
and pupils Dr. Harrison Allen and Dr. Francis X. Dercum having 
extracted, weighed, measured and preserved that wonderful brain. 
His remains were cremated, and thus passed from earthly form 
one of the loveliest, wisest, and gentlest jof men. May his exam- 
ple be of service to us all. 

Note: — Since writing the above I am indebted to the nephew of the 
subject of this sketch, himself an eminent physician, for the following 
additional facts; 

« * (tXhe weight of the brain was 45}^ oz., somewhat smaller than 
normal, and the appearance of the surface presented an unusual increase 
in the convolutions. No microscopic examination has as yet been made. 
The points of pathological interest were the presence of a hemorrhagic 
pachymeningitis on the right side and an unusual hardness of the blood 
vessels at the base due chiefly to atheroma. By a singular coincidence 
the brain of my father (Dr. Pliilip Leidy who died within a few hours 
of his brother/P. F.) weighed exactly the same to a grain and presented 
very much the same microscopical appearance, showing a decided fam- 
ily trait. They both suffered from aDurism, Dr. Joseph Leidy of the 
aora and Dr. Philip Leidy of the heart. In all my experience, which 
lias been large, at the post mortem t ible, I never saw the blood vessels 
at the base of the brain so large and hard. They were typical pipe sterns.'^ 

In a subsequent note, he adds: *'Dr. Harrison Allen assisted by Dr. 
Dercum, as representatives of the antbropomoric society, performed tlie 
autopsies in both cases. Drs. Wm. Hunt, J. J. Levick, John Packard and 
Joseph Leidy, Jr. (the writer P. F.) were present. * * Both bodies 
were cremated in the (rermantown cromatorv." 
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THE CHEMUNG AND CATSKILL (UPPER DEVON^ 

IAN) ON THE EASTERN SIDE OF THE 

APPALACHIAN BASIN. 

By John J. Stevenson, New York. 

[ Vice-Presidential addreBS delivered before Section E, American A^BOciation for the 
Advancement of Science, at Waehington, AugiiBt, 1801. J 

1 have chosen as a topic, the Chemung and Catskill on the 
eastern side of the Appalachian basin, indicating b}'' this term the 
area between the Blue Ridge region at the east and the line of 
the Cincinnati uplift at the west. It embraced as a water-area 
during the later Devonian much of New York, Pennsylvania, 
Ohio, Virginia, West Virginia and eastern Kentucky. There is 
reason for the l)elief that the southern outlet through eastern 
Tennessee was closed during this time, so that communication 
with the ocean was at the west. 

The Upper Devonian on the eastern side of this area has al- 
ways attracted its full nhare of attention. Palfeontogically, it 
has intimate relations with the Lower Devonian and in some re- 
spects close relations with the Carboniferous, so that its place in 
the column remains even now, for some, an open question. The 
equivalence of Upper Devonian within the Appalachian basin to 
that beyond the line of the Cincinnati uplift is still a sufficiently 
perplexing matter; while the origin and grouping of the beds 
within the basin itself are far from being finallj' settled. 

The earliest positive reference to the Old Red sandstone is that 
by Amos Eaton,* who in 1821 regarded the red sandstone of the 
Catskill mountains as typically the same with the Old Red sand<* 
stone of Werner and as distinctly different from the Red sandstone 
of the Connecticut Valley ; at the same time recognizing its rela- 
tions with the Carl)oniferou8 and placing it in the Transition series. 

Marcou statest that Richard C. Taylor published a paper in 
1831, discussing the relations of the Old Red sandstone to the 
Carboniferous; the same authort in a lat^r paper exhibits clearly 
the place of the Red sandstone in central Pennsylvania and its 
relations to the overlying Carboniferous. lie appeal's to include 

^Memoirs of the Board of Agriculture of the State of N. Y., vol. ii, 
Albany, 1823, p. 0. The letter to Mr. Van RensBelaer is dated Dec. 17tli, 
1821. A similar reference was made in a Geological and Aurieultural 
Survey of the District adjoining the Erie Canal, Albany, 1824, p. 92. 

fOeology of North America. Zurich, 1858, p. 114. This paper by 
Taylor I have not seen. 

tTaylor. Transactions of the Geological society of Pennsvlvania. 
Phila. 1835, vol. 1, p. 177. 
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it in the Secondary with the coals west of the AUeghanies, thus 
separating it from the graywackes below. 

The first systematic classification of American rocks older than 
Carboniferous was presented in 1836 by H. D. Rogei-s,* who 
placed in two groups the beds between the *' fossiiiferous sand- 
stone, " ( or Oriskany, as we now know it) and the Lower Carbonif- 
erous sandstone (Vespertine or Pocono of later classifications.) 
These groups, Nos. VIII and IX of his column were distin- 
guished from the Carboniferous, which he divided into four groups, 
afterwards numbered X, XI, XII and XIII. The same classifica- 
tion, with rather more of detail, was repeated in the Second 
Pennsylvania reportt, as well as in the Second Report of W. B. 
Rogerst on the survey of Virginia. 

No distinct effort to subdivide the upper jK)rtion of the Devonian 

column of New York was made prior to preparation of the Third 

Report of the Geological Survey. In that report Mr. Conrad? 

defines the **01d Redstone Group (Murchison)" as embracing 

9. Olive sandstone. — Old Red sandstone ? 
o I Dark-colored shales. 
I Black slate. 

thus carrying it down to the base of the present Hamilton. In 
the same report, James Hall|| introduced the term ** Chemung'' 
for gray beds in Chemung county, overlying those of his Ithaca 
group. 

The fourth report contains Vanuxem's description^ of the 
series in his district, giving a complete grouping of the higher 
rocks and placing the Montrose or Oneonta sandstone at the top 
of the column. The same report contains the general classifica- 
tion by Prof. Hall** in which the terms. Old Red sandstone^ 
^hemung group, Portage group occur in the order given. One 
year later Mathertt used the term '* Catskill Mountain Series " to 
designate all the rocks of the Catskill mountains from the Lower 
Carboniferous sandstone ( Pocono ) of Rogers down to the base of 

*Fir8t Annual Report of State Geologist, Harrisburg, 1836, pp. 12 to 15. 

tSecond Annual report on the Geological Exploration of the State of 
Pennsylvania, by H, D. Rogers, Harrisbnrg, 1888. 

JSecond Report of Progress of the Geological Survey of Virginia for 
the year 1837. W. B. Rogers; 1838, pp. 76-80. 

§A88embly Document, No. 275, Albany, 1889, p. 72. 

||Loc. cit. p. 322. TfAssembly Document, No. 50, 1840, p. 381. 

**Loc. cit. pp. 452-453. 

tt Assembly Document, No. 150, 1841, pp. 77-82. 
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the Marcelhis shale, thus making it ec^ual to Formations Vlll, 
TX and X of the Pennsylvania column. The term Catskill group 
iippears for the first time in Vanuxem's* final report, whei-e it is 
used to designate the rocks at the top of the Devonian, which 
Are regarded as fully equalling in importance the underlying 
Ohemuug and Hamilton, forming his Erie division; so that the 
Erie and Catskill are equivalent to the VIII and IX of Rogers. 
No line of demarcation between Erie and Catskill was determined. 

Hall'st final report appeared one year latesr and contained the 
«:i'ouping which has remained unchanged: 

Old Red sandstone or Catskill. 
Chemung grou[). 
Portage group. 

Fifteen years later api)eared the final report on the (ieologyt 
of Pennsylvania, in which Chemung and Portage are called Ver- 
gent. and the Catskill is the Ponent of the palaeozoic column. 
This report took shape long after the original corps of observers 
had been scattered and the field -note books were not worked up 
in all cases bv those who had made them ; so that the statements 
are somotimos obscure and local details are too often perplexing 
to readei"s not familiar with the ground. Little additional sys- 
tematic information became available after the publication of 
Rogei-s' final report until the results obtained by the Second 
<ieoloi'ical survev of Pennsvlvania became known. 

The studies by assistants on the Second Penns\'lvania Survey 
were very much in detail, owing largely to the immense economic 
importance attaching to the upper portion of the Devonian col- 
umn. But this detailed study, though leading to close concord 
in record of stratigrapliical work, has led to wide difference of 
opinion in respect to lines of separation between the groups. As 
the area of Pennsylvania is large, great variations exist in 
physical charactei's of rocks and in vertical distribution of fossils, 
«o that difference of opinion arose to a greater or less degree 
respecting the limitations of every group; but the difference is 
especially noteworthy in the case of Catskill and* Chemung, for 
one observer carries the upper lM)undary line of Chemung almost 
2,000 feet further up in the column than is done by another, 

*Geology of New York, part III, Albany, lfc'42. p. 12. 
tGeology of Now York, Part IV. Albany, 1843 pp. 18-11). 
. *(Teology of Pennsylvania, II. I). Rogers, Philadelphia, 1858. 



One observer coming from the northeast along the easterly out- 
crop of the Devonian finds good reason to mark Catskill as be- 
ginning with the first appearance of I'ed shales, while another 
coming from the west and south thinks that Chemung should 
close only with the final disappearance of the marine fauna. When 
these obsen'ers joined their work, their sections were in practical 
agreement, but were labeled ver}' differently. 

The uncertainty respecting the relations of Chemung and 
Catskill is due in no small degree to the fact that the earlier 
studies of those groups were made in New York and adjacent 
portions of Pennsylvania, without much knowledge of the con- 
ditions elsewhere. Had tha study been begun at the south in 
Virginia, then carried northward along the easterly outcrop 
through Virginia, Maryland and Pennsylvania inta New York; 
4,hen begun again in western New York or Pennsylvania and 
carried eastward to the outcrop, many dilficulties, now apparently 
so formidable, would have been unknown and the problem of re- 
lations, seemingly so perplexing, might have been easy of solu- 
tion. At this time, however, the study can be prosecute<i to 
better advantage than was possible even ten ye&n ago, for the 
oil-borings of western Pennsylvania enable one to trace the beds 
through that region also, where in some localities they are more 
than 2,000 feet below the surface. J^et us follow, then, the 
courses indicated, depending on the work of 1. (\ White, J. If. 
,Caill and C. A. Ashburner in Pennsvlvania, and that of J. J. 
Stevenson in Virginia and Penns3'lvania. with references to the 
work of .rames Hall and H. S. Williams in New York. 

IT. 

In the southwestern portion of Virginia, near the Tennessee 
line, the Devonian is represented onl^* b}' black shale,* belonging 
at the base of the Hamilton ; but within a few miles the Hamilton 
shows a greatly increased thickness,! while between it and the 
Lower Carljoniferous there are 350 feet of rock carrying Chemung 
fossils to within fifty feet of the top. The fossils are most 
abundant in a red or bluish ix>ck with conchoidal fracture, which is 
the same in all respects, physically, with some non-fossilifei"ous 

♦Stevensou, Proc. Amer. Phil. Soc. vol. XIX, pp. 228, 283, 24:}. 
tStevenson,. Proc. Amer. Phil. Soc. vol. XXII, p. 130. 
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beds higher up in the section. Within sixty miles along the 
strike, this 350 feet has developetl into a great series with well 
marked horizons in the lower part,* while the upper part has 
become flaggy with not a few massive beds. The succession now^ 
is, the thicknesses l^eing estimated, 

1. Not fully exposed, containinG: much red sandstone 700' 

2. Conglomerate 40' 

3. Shales and sandstone 1,000' 

4. Conglomerate 30' 

5. Shales and flags 1,500' 

But the No. 1 of the section contains gray beds in the lower 
portion, which, in some localities, Aave yielded Chemung mol- 
lusks at not less than 300 feet above the conglomerate, while on 
New river, Va., where the thickness is somewhat greater, Che- 
mung forms were seen at about 500 feet above the conglom.- 
erate. But the reddish beds which prevail toward the top seem 
to be non-fossiliferous. The tint of these beds becomes more 
tind more pronounced toward the northeast, until in Catawba 
mountain, somewhat more than twenty miles southwest of James 
river, they have the dismal red and gi'eenish color, so character- 
istic of the series along the Potomac. And yet, in McAfee's gap, 
only eight miles northward, Spin'ferfi disjtuwta and some other 
Chemung forms occur very near the top of the series, within a 
few feet of the Vespertine (Pocono) sandstone. 

The other parts of the section can be observed at many places ; 
the upper conglomerate ( No. 2 ) contains flat pebbles, which 
frequently show the longer axis vertical to the plane of bedding ; 
No. 3 contains concretionary sandstones passing downward into 
shales, with brown, blue and red to deep red flags and flaggy 
sandstones. Chemung moUusks are especially abundant near the 
top. The lowest division consists of fisigs and shales, olive, gray, 
yellow, blue and drab, with but few fossils. 

This is the section to James river, somewhat more than 1 50 
miles from the Tennessee line. Details of measured sections 
made in recent yeara between the James and Potomac rivers, a 
distance of not far from 200 miles, have not l)een published; but 
we need not wait for detailed measurements in this interval. Ob- 
servations by the writer and by othei*s at many localities 
have proved the section persistent; and the same succession 

♦Stevenson, Anier. Phil. Soo. Proc. vol. XXIV, p. 81 seq. 
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18 shown along the Baltimore and Ohio railroad as it follows 
the Potomac river. Of course there are variations in struct- 
ure; Mr. N. II. Darton tells me that the conglomerates are 
wanting in the section near Staunton, Virginia, but this is merely 
local as they are present elsewhere. Further north, the upper 
beds, or Catskill, have an increased proportion of shale, often 
blood-red, and the sandstones show a more marked conchoidal 
fracture, while the whole section has a greatly increased thickness. 
The Pennsvlvania line is reached but a few miles north from 
the Potomac along the outcrop. Crossing that line, one enters 
Fulton county, where the succession is:* 

1. Catskill. Shales 1,600" 

Sandstone and shale 2,100 ' 3,700 

2. CnEMiNo. Shales 1,000' 

Upper conglomerate 10' 

Shales and sandstone 950' 

Lower conglomerate 10' 

Shales and flags 1 .850 ' 8,820 ' 

The close resemblance to the Virginia section is apparent at 
once, the most notable change l)eing simply the great increase in 
thickness of the upper portion. The upper Catskill consists for 
the most part of soft deep red shales with occasional sandstones ; 
but the lower Catskill is made up of brownish or greenish to red, 
cross l)edded, almost laminated sandstone, often looking as 
though it were worm eaten. Sometimes a large fragment re- 
mains on a hill top, resembling much a pile of thin boards. 
Occasionally more massive sandstone prevails, as along the 
Juniata river in central Bedford county of Penns3ivania, where 
no tendency to lamination was seen. The Catskill appears to be 
wholly non-fossiliferous along the eastern outcrop from central 
Virginia into New York. 

The absolute limit between Catskill and Chemung is indetermi- 
nable, for the passage from one ta the other is practically imper- 
ceptible at most localities ; the line drawn at any locality, whether 
on stratigraphical or on paleeontological grounds, is almost certain 
to be unsatisfactory at any other. In Fulton county, however, 
a marked lithological change occurs at about 1,000 feet above 
the Upper Chemung conglomerate, for there the alternations of red 

^Geology of Bedford and f^ilton counties, J. J. Stevenson, Harrisburg, 
1882, pp. 78, 75, 82. I have re-arranged the section somewhat, placing 
the line between Chemung and Catskill 200 feet higher than in the 
original. 
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and yellow shaleH cease and the daggy, almost laminated, red sand- 
stones begin. The last horizon of Chemung mollusks was found 
at 200 feet lower, where, at approximately 800 feet above the 
conglomerate, the writer orginally drew the line l)etween the two 
groups. 

The interval between the conglomerates is filled with yellow to 
red sliales and gray, brown, blue or red sandstones ; the red beds 
form an insignificant portion of the section, but such as are pres- 
<»nt are strikingly like Catskill. for the shales are often bright 
red and the sandstones cross bedded or in thin flags. Many of 
the beds in this interval are richly fossiliferous and the important 
horizons of Chemung lamellibranchs are at but a little way be- 
low the upper conglomerate. The lowest beds of the Chemung 
are shales and flags ; the shales overlying the flags are yellow, 
gray, olive, dark brown and reddish; while the flags, which doubt- 
less represent the Portage of New York, are almost wholly olive, 
and, unlike the overlying shales, appear to l)e very sparingly fos- 
siliferous. 

Be3'ond Fulton county northward into New York, we must de- 
])end almost wholly upon the work of Prof. 1. C. White, who has 
demonstrated the stratigraphical relations of the l)eds under con- 
sideration to those of the Catskill area of New York, and has told 
the story with such clearness that there is no opiK)rtunity for any one 
to cavil. Tlis grouping of the rocks, however, differs from that 
already given ; he prefers to include as Catskill all l)eds down to 100 
feet below the upper conglomerate, which is the lowest horizon at 
which he found fish remains; he regards as transition the beds be- 
low that fish bed to the lowest red bed. 150 feet above the lower 
conglomerate, and applies to them the term Chemung-Catskill : 
while the remaining beds of the section are taken by him to rep- 
resent the (Mienning and Portage of New York. He identifies 
the T'pper (Miemung conglomerate of Fulton county with his 
Lnchatrajvii conglomerate of the New York border and he gives 
the name of AlhijrippiiH to the lower conglomerate. 

The succession in Huntingdon county, Penn.sylvania,* is : 

*[. C. White in Geology of Huntingdon County, Harriaburg, 1885, pp. 
02-104. As given here Kos. 1, 2, and 100 feet of No. 3, of the Chemung 
belong to Prof. White's Catskill; the rest of No. 3, except 150 feet at the 
base forms the Chemung-Catskill of the same author. All sections along 
this outcrop, quoted from Prof. White, have been re-arranged in this 
wav. 
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1. Catskill. 2,500' 

2. Chemung. 

1. Haun'8 Bridge group 1,000' 
2. />icA:iaf0<(j^7i conglomerate 20' 

3. Sandstones and shales 1,000' 

4. AHegrippus conglomerate 5' 

5. Shales and flags 3,250' 4,075' 

The Haun's Bridge group conttists largely of greenish gray 
Bandy shales and flags with some red beds, and holds from bottom 
to top Chemung mollusks, some of which are ver}' abundant. 

Prof. White's measurements near Catawissa, in Columbia 
county, Pennsylvania, about sixty mil^ further along the strike^ 
show the sectFon still persistent, the 'succession l>eing:* 

1. Catskill, 3,280 

2. cukmxjng, 

1. Shales and sandstones 923' 

2. Lackatcoxen conglomerate 40' 

3. Shales and sandstones 1,180' 

4. udZ/«^npp?<« conglomerate 10' 

5. Shales, sandstones and shaly 

beds 2,800' 4,453 

The Catskill exhibits little change in structure and, as before^ 
appears to have no fossils aside from obscure fish remains. No. 
1 of the Chemung is the same with the Montrose shales of 
Susquehanna county as well as the Haun's Bridge group of 
Huntingdon county. It consists, jis it does further south, of 
variegated shales and sandstones, green and red predominating, 
and in the lower half has many beds cArr3ing Chemung mollusks. 
I have drawn the line between Chemung and Catskill somewhat 
arbitrarily, where sandstone ceases to predominate, for there is 
no noteworthy physical change in character of the rocks anywhere 
above the Lacka waxen conglomerate. That conglomerate is now 
irregular in structure, sometimes not conglomerate, but still con- 
taining fish-bones as it does fuilher south. The fragments of 
bones are larger and in Iwtter preservation than at the more 
southern localities. 

The interval between the conglomerates contain some red beds 
but as usual the}' form only a small part of the section, little 
more than ten per cent of the whole. A bed containing frag- 
ments belonging, apparently, to Holoptychius associated with 
Plcurotomaria sp. and Lingvla spatulata, was observed at 150 
feet below the LncJcawaxcn conglomerate. Vegetable remains 

♦The Geology of the Sus(iuehanna river region, I. C. White, Harris- 
burg, 1883, p. 57. 
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are not wanting, for Archaoptcrls hyheruica is abundant above the 
fish bed. The Alhgrippus conglomerate is no longer a constant 
member of the series, though occasional!}' it is recognizable 
without difficulty as a massive sandstone, sometimes containing 
flat pebbles. 

Thus far. the section observed beyond the James river in 
Virginia has been persistent, the distance along the line of out- 
crop being not far from 500 miles. In Columbia county, how- 
ever, the interval between the conglomerates is no longer richly 
fossiliferous, while fossils ^each to but 516 feet above the Lacka- 
wa-xenj instead of to 1,000 feet as in Huntingdon county. The 
section is still sufficiently distinct at Hartville,* Luzerne county. 
Pa., about twenty miles further along the strike; but thence 
northeastward changes in structure become marked and are ac- 
companied by a still more rapid disappearance of animal remains, 
so that within a few miles such remains seem to be almost wholly 
wanting in Ijeds above the place of the AUegrippus conglomerate. 

Prof. White's Pike county section was measured along the 
Delaware river about fifty miles northeastward from the Catawissa 
locality and practically on the same line of outcrop. It illus- 
trates the conditions in New York for the Delaware river there cuts 
across the Catskill mountain region. The succession isf : 



Catskill. 




Uonesdale ftaDdstone 


100' 


Montrose sandstone 


125' 


C?hV.mung. 




1. Montrose red shale 


100' 


2. Greenish-gray sandstone 


30 


3. Lackawaxen conglomerate 


50' 


4. Greenish sandstone and shale 


300' 


5. Bed shale 


50' 


6. Delaware flags 


1,000' 


7. New Milford shales and S. S. 


75' 


8. Starucca beds 


600' 


9. Sandstones and sandy shales 


1,850' 4,055' 



The highest beds of the Catskill. the Cherry Ridge shales, were 
not measured, but they add barely 150 feet, so that, within little 
more than fifty miles, the Catskill has lost almost 3,000 feet, 
while the Chemung is but 400 feet thinner. But it should be 
noted that the upper portion of the Chemung has lost much, 
while the lower portion has increased greatly. The AllegHppus 

♦White, Loc. cit. p. 196. 

tGeology of Pike and Monroe counties, I. ('. White, Harris burg, 1882, 
pp. 73 and 94. 
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conglomerate belongs at the base of the Starucca beds but it is 
not present. Even the Lackawaxcn is no longer poreistent as a 
conglomerate and in some localities it is not even massive. 

The most interesting feature of this section, characterizing 
also those obtained, along fragmentary outcrops in Carl)on and 
Monroe counties, sav 25 miles southeast of that which has been 
followed, is the apparent absence of animal remains from the 
whole series above the lowest member of the section, there being 
no trace aside from what seem to be fragments of fish-l)ones in 
breccias of the Ilonesdale sandstones.* Avvhceopterin jacknonl is 
plentiful near the base of the Montrose shales. 

We have followed this section along practically one line of out- 
crop for nearly <)00 miles, from the northern lx)undary of Ten- 
nessee into southeastern New York. Its persistence, stratigraph- 
ically, is remarkable, since variations in structure are inconsider- 
able until within thirty miles of the New York bonier; but serious 
changes of some sort occurred during the long period of deposit, 
for in the extreme south, even the representative of the Montrose 
sandstone carries Chemung fossils, while in northeastern Pennsyl- 
vania and the immediately adjacent portion of New York, animal 
remains pmctically disappear above the horizon of the AUegrippus 
conglomerate. 

Let us now return to southern Pennsylvania and follow the 
section westward; but first let us re-label the Fulton county sec- 
tion, giving to its parts the geographical names applied in the 
counties between that and the Delaware river, so that the relations 
of the different parts of the section may be remembered. Tt be- 
comes 

Catskill. 

Cherry Kidge sbaleH 1 600 ' 

Montrose sandstone 2100' 3700' 

CUEMUNG. 

1. Montrose red shales 1000' 

2. Lackawaxen conglomerate 10' 

3. Shales and sandstones, including Dela- 
ware flags and Starucca beds 050' 

4. ^{^nj^jnM conglomerate 10' 

5. Shales and flags, including Portage of New 

York 1850' :]820' 

The thickness of the section diminishes rapidly toward the 
west, so that on the western border of Bedford countj', near the 

*Mr. C. S. Proser informs me that he has discovered some lamelli- 
branchs in the Delaware flags and some Spirif&rs in the Honesdale 
sandstone, or possibly at the base of the Cherry Ridge shale. 
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Maryland line, the Cherry Ridge shales have almost disappeared 
and the total thickness of Catskill, including doabtless some of 
the Montrose shale, is but 1980 feet. No outcrop is seen in the 
adjoining county of Somerset until the western edge has been 
reached, where under the great anticlinal of Laurel hill, the 
Youghioghen}' river has cut down to the Delaware flags. There 
the Montrose sandstone is present, but only a few feet thick; 
while at not more than three miles further west, on the other side 
of the anticlinal, the Catskill has disappeared and the Vespertine 
(Pocono) rests directly on the Montrose shale. 

The Chemung shows a similar decrease in the same direction ; 
for on the railroad section in western Bedford, the whole interval 
of Chemung and Hamilton is represented by a concealed space* 
of 2,630 feet, giving to the Chemung a thickness of son^ewhat 
more than 1,800 feet. The exposures under Laurel hill in the 
Youghiogheny and Conemaugh gaps suggest a continuance of the 
decrease, certainly in the upper portion. The gaps through 
Chestnut ridge, ten miles west from Laurel, atford the last ex- 
ix)sures, in this direction, of any part of the Devonian on the 
eastern side of the basin ; the section in the Conemaugh gap, 
barely fifty miles in a direct line f mm Pittsburg, t is 

Pocouo 448 

Montrose red shales 125 

TjQckawaxen conglomerate 20' 

Shale and sandstone 120' 

Concealed to river 150' 

The Montrose shale is composed of dull, grayish-red shale and 
thin streaks of sandstone, carrying Chemung species up to with- 
in one foot of the Pocono. The Lackawaxen is characterized by 
flat-pebbles as it is also on the <*National road" in Fayette county, 
where some of the larger pebbles are felsj'te-porphyry. t Exca- 
vations made since these measurements were obtained show that 
there is much dull red shale below the Lack<i waxen, especially in 
the concealed portion. The interval from the top of the Pocono 

^Stevenson, Geology of Bedford and Fulton counties, p. 81. 

fGeology of Fayette and Westmoreland Counties. J. J. Stevenson, 
Harrisbnrg, 1877, p. 291. 

tAn annoying error occurs in my report on the Lisonior Valley 
(i&urisburc, 1878). Part of the notes referring to this rock were copied 
under the Pocono, and some of the Pocono transferred to this: so that 
this con.s:lomerate is described as not containing flat pebbles. 
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to the Lackawaxen is 568 feet; in the deep boring at Pittsburg 
it is given as 519 feet. 

Mr. J. H. Carll has tabulated the oil-well records in the west- 
ern oil-bearing counties of Pennsylvania, and we must depend 
largely upon his work as we follow the series northward in west- 
ern Pennsylvania; though one may sometimes fail to accept his 
identifications, yet all must acknowledge the patience with which 
he has worked and the excellence of his results. 

At "Washington, about thirty miles southwest from Pittsburg, 
the interval to the Lackawaxen is from the top of the Pocono is 
518 feet, and the rock is termed by Mr. Carll, the '*gas sand.'* 

The section there is 

Pucono (Shenango sandstone of White) 152' 

Interval 366 ' 

Lackateaxen conglomertite 20' 

Interval 87 ' 

Gantz oil sand 40' 

The Pocono has become less coarse. At Pittsburg it contains 
much shale, while in Washington county its sandstone is often 
less than 150 feet thick. 

Mr. Carll recognizes in the Gantz sand, the upper or first of the 
Veniuigo group of oil-sands, which consists of three well marked 
sandstones separated by shales and showing few variations in 
Venango county. It is not easy, however, to accept this identifi- 
cation after a careful study of his sections as tabulated in the 
Annual Report for 1886, and I am compelled to regard the upper 
gas sand of Weirick's well as the first oil sand of Venango, and 
as the Lackawaxen.^ The distribution and variations of the 
Venango group are shown in the very numerous records of oil- 
wells which Mr. Carll has preserved and published in his volumes 
on the western counties of Pennsylvania. A section on Thorn 
creekj in Butler county, at about thirty miles northward from 
Pittsburg gives 

Shenango sandstone (of White) 

Interval 395' 

(Laekaicaxen) first Venango oil sand 45' 

Interval 420' 

{AJUegripptui) third Venango oil sand 46' 

*Carll in Ann. Report of 2d Geo). Survey of Pennsylvania for 1886, p. 
656. See plate Plate 5 figa, 20 and 21. 

tSee fig. 21 of Plate 5. 

tCarll in Report for 1886, p. 650. See Fig. 19 of PI. 4. I liave con- 
densed the section and inserted the names of the sands. 
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Seven years ago Prof. White asserted that the first oil-sand is 
the same with his Lachaicaxen^ and suggested that the AUe^rip- 
pus might prove to be the same with the third Venango. There 
is no room for doubt respecting the accuracy of these surmises. 
The interval between the sands is not far from what we should 
expect, for in western Bedford it is not more than 600 feet, and 
the decrease in the upper part of the column continues westwanl 
to the last exposure under Chestnut ridge. Some red rock occurs 
in this interval at Pittsburg and at Petmlia in eastern Butler as 
well as at Edenburg, 20 miles further east in Clarion county. 
Bed shales, from 60 to more than 100 feet thick overlie the 
Lacka waxen at many places in Butler county, though occasion- 
ally they are separated by a few feet of variegated shale. A sec- 
tion on Bullion creek,* in Venango county, al)out thirty miles 
north from Thorn creek, shows 100 feet of red rock immediately 
over the Lac/ciucauen or first oil-sand and 55 feet of red rock in 
the 215 feet interval between that and the AJlegrippus or third 
oil-sand. The distance here from the Pocono to the Lacknicaxen 
is 385 feet, almost the same as in Bradv township and on Thorn 
<»reek of Butler countv. 

It is unnecessary to go into further detail respecting the features 
of the Venango group, as the variations, aside from those of 
thickness, are inconsiderable, and they are all shown in full in Mr. 
Carll's several reports. 

The whole series comes* to the surface again in Crawford and 
Erie, the northwest counties of Pennsylvania, where the sub- 
divisions have l)eeu worked out in great detail by Prof. White. I 
give his generalized se<»tiont somewhat condensed and differently 
divided: 

PocoNO. 

1. Shenau go sandstone 25 

2. Meadville shale and limestoue 6($ ' 
^. Sharpvllle flags and limestone 64 ' 

4. Orangeville shale 76 ' 

5. Corrv sandstone 20' 

250' 

<' II KM UNO. 

1. Cussewago shale and limestone 37' 

2. Cussew^ago sandstone 25' 
8. liicevi He shales 80 
4. [rMckmcaxer{\ first oil-sand )6X)' 

*Carll in loc. cit. p. 647. See PI. 8, Fig. 14. 

tGeologv of Crawford and Erie Counties. I. C. White. Harrisborg, 
18^1. pp. 66-119. 
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5. Shales with second sand 260' 

6. rjW^rtppMu] third oil-sand 80' 

7. Lower Chemung 325 ' 

8. Girard 235' 

9. Portage 475' 1477' 

Prof. White placed the whole section to the base of the Cusse- 
wago in the Pocouo or Lower Cartoniferous, though seemingly 
with some hesitation respecting the lower members. The Corry 
sandstone appears to be the representative of the Herea of Ohio. 
The Riceville shales are etiuivalent to the red rock of Butler and 
Venango as well as to the Montrose red shales of the eastern 
sections. Typical Chemung forms occur here at many places up 
to within 15 feet of the Cussewago sandstone. The Laikawaxcn 
is seldom coarse in northwestern Pennsylvania. The Allegrippus, or 
third oil-sand, is the persistent stratum in this region and the one 
|x>ssessing economic importance. Prof. White gives good reason 
for identifying it with the Panama conglomerate of New York. 
Prof. White found the same section in WaiTen county at Tidioute, 
twelve .miles east from the Crawford line, and he regards the 
Cocrostens bed at Warren as the same with the Lachawaxen^ or 
first Venango oil -sand. Mr. Carll's section at (ireat Bend,* on 
the eastern edge of Warren county is of interest as showing the 
appeanince of the "Catskill type, 't as he terms it, there being 
above the Riceville shales, 88 feet of greenish gray sandstone 
with olive and red shales; so that somewhere between Tidioute 
and (rreat Bend the typically Catskill characteristics appear in 
the upper pait of the section. Chemung fossils arc found in the 
Riceville shales or Montrose Red shales and Snnynlnolltes occurs 
in the Lackawnj-en. 

Meanwhile a noteworthy change has occurred below the Lacka- 
iraxenj for though 827 feet of rock are shown, yet the AUegrippus 
or third sand is not reached; so that we are prepared for the con- 
dition shown by Mr. Ashburner's generalized section of McKean 
countv, next east to Warren aloncr the northern Ijorder of the 
state. There we findj 

Pocono 250' 

Catskill 250' 

Chemung 1990' 

*Loc. cit. p. 641. 

tGeological Report on Warren countv, J. H. Carll, HarriHbiirg, 1888, 
I). 302. 

IGeology of McKean Countv, Etc. (\ A. Ashhurner, ITarrisburg, 
18S0, p. 4:5. 
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the Catskill consisting of '^red and grey slate, shale and sand- 
stone" at Smethport, thirty' miles east from Great Bend, in War- 
ren county. The Chemung is triple, and its upper division is 
itself distinctly triple, consisting of 

Gray shale and sandstone 350' 

lied and gray shale and sandstone 800' 

Gray shale and sandstone 650' 

the lowest beds resting on the Bradford oil-sand, which is Mr. 
Ashbunier's Middle Chemung. Typical Chemung moUusks oc- 
cur in the highest beds of the Chemung and some species appear 
to have persisted into the lower ix)rtion of the beds assigned to 
the Pocbno. This abrupt thickening of Chemung and Catskill is 
precisely what should be exi>ected here to accord with the condi- 
tions along the southern l3order of the state. 

The sections in Potter county, that adjoining McKean at tiie 
east, are incomplete, and our knowledge of the structure is far 
from being satisfactory. Mr. Ashburner made some examina- 
tions in the western part of the county, which were merely inci- 
dental and sufficed only to show that the '*Catskill type'* of rock 
increases in thickness eastward just as it does toward the south- 
east, there being 370 feet of red, gray and green shales and 
sandstones overlying the uppermost subdivision of his McKean 
county Chemung. He finds some red in his Chemung* as well as 
in the overlying Pocono. Fish beds occur in his Catskill as well 
iis in the upper part of his Chemung. No information is given 
respecting distribution of molluscan remains, but on the eastern 
side of Potter, Chemung forms extend far up into the red l)edsy 
for, just over the l)order in Tioga county, Chemung fossils are 
found at more than 800' above the first red beds, t 

The condition in Tioga and Bradford counties, those next at 
the ca.st. is sufficientlv clear. Prof. White's incidental studies in 
those counties make it possible to utilize Mr. Sherwood's work, 
and at the same time to gain a good understanding of the work 
done by Prof. Hall and ^Ir. Vanuxem more than fifty years ago. 
The section near Blossburg. in Tioga county, gives a stalling 
|)oint.t It is 

*Loc. clt. pp. 77-78. 

tA. Sherwood in Report of Progress in Bradford and Tioga counties. 
Harrisburg, 1878, p. 86. 

JGeology of Susquehanna and Wayne Counties. I. C. White, V^\y 
p. 72. 
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Pocono. 573' 

Red shales, green and gray sandstones and concealed 8d0' 

Fish conglomerate (Holoptychius bed) 2' 

K«d shale and sandstone 200' 

The thickness of the rocks in the vicinity of Blossburg had 
been much underestimated by other obsen'ors. All the beds of 
the section l)elow the Pocono have been regarded by authors as 
Catskill, ])ut at ten miles further down the Tioga river, three 
miles below Mansfield, Chemung fossils have Ijeen found by Mr. 
Sherwood in a calcareous rock,* onlv 165 feet below the bed 
taken as the base of the Pocono in Prof. "White's section, and 
therefore at more than 950 feet above the lowest red beds in that 
section. At a little way further east, Mr. Shem'ood found great 
abundance of fish remains with shells and fragments of plants in 
the lloloiytychim bed ; a calcareous bed at 84 feet lower down con- 
tains abundance of well-known Chemung forms, while red beds 
continue in alternation with gray beds for 150 feet lower down in 
the column. In 1 839, Prof. Hall connected his New York work 
with Pennsylvania at Tioga, eight miles further down the river, 
where he found the upper member of the Chemung passing under 
the Old Red sandstone, whose thickness he estimated at 400 feet. 
It is sufficiently clear that the red beds, including the fish bed, 
were regarded by him as belonging to the <*Old Red Sandstone." 

The McKean county section can be recognized i^-ithout difficulty 
in Tioga county, despite the change in character of the rocks ; for 
the middle division of Mr. Ashbumers XTpi>er Chemung finds its 
equivalent in ^'Mansfield Reds" of Lesley, containing three ort^ 
beds near Mansfield, the second of which is the celebrated Holop- 
tyehius bed. The base of the Red and Gray group in McKean is 
at 900 feet below the Pocono, while in Tioga county the Holop- 
tychim bed is at 830 feet. At the same time, the structure so 
well worked out by Prof. White in Susquehanna county, can be 
recognized with less difficulty than that of McKean. Eastward 
from the Tioga river, fossils become rarer in the upper part of 
the section; Mr. Sherwood states that no fossils occur in the 
Towanda basin of Bradford county until a bed is reached at 800 
feet below the Pocono. t 

Prof. White's work in Suscjuehanna and Wayne counties, was 
connected by him with that in Bradford, which lies Ijetween Tioga 

♦A. Sherwood, loc. clt. p. 79. 
tLoc. cit. p. 28. 



22 The Amertca^i Geologist. January, iww 

and Susquehanna. His section for those counties, condensed and 
re-arranged is* 

Catskiix. 

Cherry Ridge shales 110' 

Honesdale sandstone 00' 

Chemung. 

MontroBe red shales 180' 
Paupack sandstone and shales, New Mil- 
ford flags and shales 585 ' 
Shales and sandstones 244 ' 
^'Mansfield Ileds" 90' 
{AUegHppus) Cascade Creek sandstone 25 ' 
Shale and sandstone 120' 

The lower portions of the collimn are not exposed in the coun- 
ties. The Paupack sandstone, immediately underlying the Mont- 
rose shales, occupies the position of the Lackawaxen conglom- 
erate, but it is not seen as a conglomerate except in eastern 
Wayne, on the border of Pike county. The Cascade Creek 
sandstone is the same with the Falls Creek sandstone of Brad- 
ford county, and w^ith the AUe^rippun conglomerate of Bed- 
ford and Huntingdon counties, the Lower Chemung conglom- 
erate of Fulton county. A great part of the interval be- 
tween these sandstones is represented further east by the Dela- 
ware flags. For the most part, this is the section observed along 
the Delaware river in Pike county of Pennsj'lvania, and in the 
adjacent portion of New York ; and the Honesdale sandstone is 
the Montrose sandstone of Vanuxem. t Prof. White made dili- 
gent search for fossils, but i)o moUusks were found at any hori- 
zon more than 130 feet above the Alfegrippns] but Chemung fos- 
sils are sufficiently abundant below that rock. Arch adopter is 
javhsoni occurs in the Paupack or Lacknwajren, 

III. 
We have come once more to the Delaware river, the last point 
reache<l in the tracing of the easterly outcrop. Clearly the 
series is one: the middle portion, that between and including the 
two conglomerates, is evidently persistent all the way round, except 
perhaps in McKean and Potter counties of Pennsylvania, where, 
however, the diflSculty lies most probably not in absence of the 
sub-group but in the absence of records. 

♦Geology of Susquehanna county and Wayne county. I. C. White. 
Harrlsburg, 1881. pp. SO, 58, 59, 7». In accordance with Prof. White's 
suggestion (Geol. of Susquehanna R. Region, p. 52,) I have omitted the 
upper 375 feet of the section. 

tAnnual Report of N. Y. Survey for 1839, p. 381. 
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The serious question now arises, how shall this great column, 
with a maximum thickness of more than 7,000 feet, be divided 
and what value shall be assigned to the divisions? Before under- 
taking to answer the question, let us recall the signification of 
the terms Catskill and Chemung as originally employed. 

Mather* in the annual reports as well as in his final report used 
the term **Catskill Mountain Series" to include all beds from the 
very highest rocks in the Catskill mountains down to the Cor- 
niferous, thus making it equivalent to '^Formations viii, ix, x, and 
XI of Prof. Rogers' Report on the Geology of Pennsylvania for 
1838." ''Catskill group" was used first by Vanuxem in his 
final report, published in 1842,t though he had previously fixed 
the lower limit, as may be seen by reference to the fourth report, 
where he takes the Montrose sandstone as representing the group. 
That i"ock rests directly on the Chemung group, whose upper 
limits are not so well defined in the fourth district of New York, 
though sufficiently so in the third. Its lower boundary appears 
to be distinct in both, so that the group consisted of the Chem- 
ung and Portage. But the Catskill group of authors is a varia- 
ble quantity. By some, the whole mass in the Catskills proper 
has been taken as belonging to the group; by others, the first red 
bed is taken as the base of the group, while others still see the 
beginning in the fii-st fish bed. No one of these limitations 
suffices, for each is purely local in character and cannot be ap- 
plied over a great area. 

Stratigraphically the two groups, as understootl by Vanuxem. 
are separable without difficulty. The Catskill, including under 
that name, thie Cherry Ridge shales of White and the Montrose 
sandstone of Vanuxem, is thoroughly persistent along the eastern 
outcrop from Greene county of New York to far beyond the 
James river in Virginia; its variations in thickness along this line 
are for the most pai*t very similar to those of the upper and mid- 
dle divisions of the underlying Chemung. Westward and north- 
westward, however, the variations of the Catskill are unlike 
those of the Chemung. In southern Pennsylvania, the Cherry 
Ridge shales disappear within forty miles, while the Montrose 
sandstone thins out more slowly and does not disappear until Fay- 
ette county is reached; there, however, the whole mass, 3,700 

*Fourth Annual Report, p. 227. Geology of N. Y. Part I, p. 299. 
tGeology of New York. Part III, p. 186; 4th Ann. Rep. p. 881. 
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feet thick in Fulton county, is wanting. In northern Pennsyl- 
vania, the decrease in thickness is abrupt for a few miles, but the 
final disappearance of rocks of the Catskill type is in Warren 
county, just as in New York it is in Allegany county east from 
the Genesee river.* In southwestern Pennsylvania the Catskill 
is wanting, because the rocks have thinned out; whether the dis- 
appearance in northwest Pennsylvania is due only to thinning or 
to interlocking with rocks of different color, cannot be determined 
in our present state of knowledge. 

The upper sub-divisions of the Chemung, when followed west- 
ward, are found to vary much after the same manner throughout. 
The abrupt changes obsen^ed in the Catskill had no predecessors 
in the Chemung, except in southwestern Virginia, where the 
whole series, Chemung and Catskill, as well as most of the under- 
lying Hamilton and much of the overlying Pocono have disap- 
peared. The Chemung section thus grouped 

Shales 
I Sandstone 
Yen AKGO \ Shales and sandstone 
i^ Sandstone 

Shales and flags 

can l>e recognized not merely along the eastern outcrop fi-om New 
York to far l>eyond New river in Virginia, but also in western 
Pennsylvania many miles beyond the western limit of the Catskill 
beds. 

]t is sufficiently clear that, at the close of the time embraced in 
the Chemung group, a physical change occurred, which, though 
not observable along the eastern outcrop, becomes very distinct 
within 100 miles westward or northwestward. During the whole^ 
of the Chemung period, the subsidence was less and less rapid 
toward the west and northwest, though doubtless keeping pace 
there as at the east with accumulation of deposits, which, in that 
direction, ])ecame less in quantity and finer in grain, as the rocks 
at the west and northwest were not such as to yield much coarse 
material. But at the close of the Chemung, the subsidence lie- 
came still less rapid toward the west and northwest, so that 
the area in which Catskill was deposited became narrower toward 
the south, t It is altogether unnecessary to resort to the concep- 
tion of elevation in western Pennsylvania or Virginia; indeed 

*Geolog>' of New York. Part iv. p. 279. 

tBecause of the southwestward trend of the Appalachian land area. 
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any such conception ^^xiuld be at variance with such evidence as 
from study of the stratigraphy. For the most part, the changes 
we have. That region was not above water at any time so as to 
make the Catskill deposit in a closed sea; no subai^rial erosion 
took place there after the close of the Chemung, for the thickness 
of Montrose shales in the oil-wells and in northwest Pennsylvania, 
where they are Prof. White's Riceville shales, varies immaterially 
from their thickness in Somerset county, where they underlie the 
western edge of the Montrose or Honesdale sand-stone. 

But while making use of these variations in rate of subsid- 
•ence as affording a convenient method of separating the Catskill 
-and Chemung groups, we must not forget that in by far the 
greater part of the area, the conditions exhibited in the Catskill 
^re but a continuation, and as it were an intensification of those 
existing in the Venango portion of the Chemung. The appear- 
ance of red rock with green and greenish gray sandstone begins 
in Pennsylvania very little above the AUegrlppnH conglomerate, 
and continues in irregularly increasing quantity to the top of the 
column, while in New York, red rock makes its first appearance 
in the Portage.* The amount of red between the conglomerates 
varies greatly, l)eing seldom more, though often less, than ten per 
<cent. along the eastern outcrop, while at some places in western 
Penns^'lvania it is much greater. The Montrose shales are largely 
Ted along the easterly outcrop, but they show not a little varia- 
tion even there; while at the west, they are sometimes wholly red 
and at others without any red beds whatever. (Ireenish gray and 
brown or reddish brown sandstones occur in large proportion in 
the Catskill itself. 

All observers agree that the passage of Chemung into Catskill 
is so gradual that, lithologically, no absolute line of separation 
<5an be drawn in a great part of the Appalachian basin. The 
•bond between Catskill and upper Chemung is even more intimate, 
as far as structure goes, than is that between the upi>er Chemung 
and the lower Chemung or Portage. As far as physical character- 
istics are to l)e depended on, the whole series is one. and the 
terms Catskill , Chemung^ Portage might well lx» taken as names 
of epochal divisions of the Chemung period. 

The palseontological record confirms this conclusion drawn 

■ I - - - ■ — ■ --. - 

*Jame8 Hall in 28th Annual lieport of the Kegents on the State 
Museum. 1876, p. 15. 
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in general conditions were insignificant from the beginning of the 
Portage to the close of the Chemung; at all events the changes 
in by far the greater part of the area under consideration, were 
not such as to interfere materially with the existence of the 
molluscan fauna known as Chemung, though as we liave seen, 
there were circumscribed areas in which the conditions did prove 
very injurious to animal life. 

The Chemung and Catskill are very distinct, palaeontologically. 
along the eastern outcrop in southern Pennsylvania. The Cats- 
kill, almost wholly red shale and red or greenish-gray sandstones, 
appears to be non-fossiliferous ; but the Chemung carries its fos- 
sils to practically the top of the Montrose shales. The condition 
is unquestionably the same in northern Virginia. Near the Ten- 
nessee border, the equivalent of the Montrose sandstone has 
Chemung fossils; at New River gap, Chemung fossils were not 
found in the upper half of the interval between the Lackawaxen 
and the Pocono; in McAfee's gap in Roanoke county, proof i» 
shown that Spirifera disjnncta survived all changes to the end 
of the Catskill ; while at eight or ten miles southeast in Catawba 
mountain, the whole succession of red greenish-gray sandstones 
seems to be absolutely non-fossiliferous; and this is the prevailing 
condition thence northward. Tt is evident, then, that from, say, 
twenty-five miles southwest of James river in Virginia to New 
York, the group called Catskill by Vanuxem is either non-fos- 
siliferous or practically so. But the Chemung group contains its- 
characteristic species aljove the Lackawaxen conglomerate in Vir- 
ginia and along the cMistern outcrop into Montour county of Penn- 
sj'lvania; so also in southern Pennsylvania* westward to where it 
passes beneath the surface l)eyond the final disappearance of 
Catskill in Fayette and Westmoreland counties; while in north- 
western Pennsylvania and along the northern line of the state. 
Chemung forms are present in the same upper horizon from the 
Ohio line eastward into Bradford county. In New York on the 
northwest border of the (^atskills themselves, Chemung fossils 
occur abundantly above the Oneontat sandstone which Vanuxem 
identified with the Montrose sandstone of Pennsylvania. 



♦In my report on the Geology of Bedford and Fulton couDties, p. 81, 
I identified the conglomerate of the Laurel and Chestnut ridge gaps^ 
with the Lower {AlUgrippus) conglomerate. The error was discovered 
too late for correction. 

tJamea Hall in Science 1880, p. 200. 
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A remarkable feature of the Chemang is the non-fossiliferoiis 
area of southeastern New York and the adjacent j>ortion of 
Pennsylvania, northward from Huntingdon county, of Penn- 
sylvania, the upper limit of the Chemung fauna descends: 
in Columbia county the upper half of the Montrose- red shales 
yields no fossils, while in Carbon county, no fossils were found 
until practically below the place of the AUetfrqypus conglomerate; 
and, even in these lowest beds, fossils are rare and usually not 
well preserved. No molluscan fossils were found by Prof. White 
in the Delaware river section until considerably below the place of 
thR AlhgrippuH^ whence downward *'the whole series is sparingly 
fossiliferous. *'* Even remains of fishes are wanting aside from 
**the occasional appearance of what appear to be fish-bone frag- 
ments in calcareous breccias." A similar condition is observed 
as one comes eastward along the border of Pennsylvania and 
New York; Chemung fossils reach the top of the group at the 
western border and in McKean county ; but in Tioga count}' the 
barren space at the top of the column is 1(55 feet; in Bradford, 
800 feet, in Wayne, 1,170 and in Pike, 2,650 feet, in each case 
inclusive of the Catskill, which, however, does not exceed *J00 
feet even in Pike count v. 

The area in which the lifeless portion of the column reaches 
much below the horizon of the Lacka waxen conglomerate, em- 
bracing parts of Carbon, Monroe, Pike and Wayoe counties of 
Pennsylvania, and of Sullivan, Delaware, and (rreene counties of 
New York, contains rather more than 4,000 square miles, while 
the whole area under consideration is more than 30,000 square 
miles. To explain the absence of life is not easy; it cannot be 
due merely to an agent which caused the redness or greenness of 
the beds, for, in Huntingdon and Fulton counties of Penn.syl- 
vania, the Montrose shales have many fossiliferous beds though 
having also many green and red beds. Besides, the Delaware 
section shows a great thickness of beds of other colors, which 
are equally without animal remains. It cannot be due to chemi- 
cal conditions existing in a closed sea, for the successive subdi- 
visions of l)Oth Catskill and Chemung can be traced directly into 
the lifeless area equally from the open sea at the west and along 
the Appalachian shore from the south, thus showing that no closed 
sea existed in that area. Even plant remains are rare, l^ing 

♦Geology of Susquehanna River region, pp. 103 and 105. 
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found at but few localities; and as a rule the specimens are im- 
perfect, good specimens occurring at only a ver}' few places. 
There is little room to suppose from the condition in which the 
plants are found that alternations of land, fresh and brackish 
Yi&ter conditions caused the absence of animal life. It is certain 
that from the beginning of Oriskany to the end of Catskill, even 
during the formation of the Corniferous coral reefs, the Appa- 
lachian gulf was shallow everywhere. During the later time, 
when subsidence did little more than to keep pace with the inflow 
of sediment, the area nearest to the region of great drainage, 
whence large streams with rapid flow poured their material into 
the shallow basin, would show muddy bottoms and muddy, more 
•or less brackish water, which would be unfavorable to animal 
life of Chemung types. As the Appalachian land became nar- 
rower southward, the untoward conditions are less marked in that 
direction. Within the portion of the area lying within south- 
eastern New York and the immediately adjacent portion of Penn- 
^^ivania, these conditions may have been begun as early as the 
Hamilton, as suggested by Prof. Hall.* 

The molluscan fauna of the Chemung and Catskill is unques- 
tionably marine. Even the mollusks found in New York above 
the Oneonta sandstone belong to the ordinary forms. Of course 
it is possible, even probable, that at the extreme northeast there 
were small areas at the mouths of large rivers, where fresh water 
prevailed and fresh water mollusks lived; but positive evidence of 
this is wanting. The Amphiyenia found in the Oneonta sandstone of 
New York may be a freshwater form, but it occurs in the Montrose 
.sandstone in southern Pennsylvania so far away from the old 
jshore line that freshwater conditions seem, certainly, improbable. 

The stratigraphical relations of the fishes have been generally 
misunderstood. The fishes exist for the most part not in the 
(^atskill but midway in the Chemung; the celebrated UoloptycMu^ 
Bed, is the second ore bed of the ^Olansfield Reds,'' and belongs 
nt but a little way above the Alhgrippnti conglomerate, the Falls 
Creek sandstone of Bradford county. It has yielded large num- 
l)ers of fish remains at several localities and it contains marine 
fossils, t The Coccostfus bed of Warren county is taken by Prof. 

^Science 1880, p. 290. Prof. H. S. Williams makes the same suggestion 
in Bulletin U. 8. G. 8. No. 41, but I have mislaid the references. 

+Sherwood in Report on Bradford and Tioga, pp. 68, 65, 79, 80. 
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White to be the 8ame with the first Venango sand (^Liukawajen 
conglomerate). Wherever the fishes are associated with anj^ other 
form of animal life, that form is marine, so that the ordinary 
presumption should be that the fishes themselves are marine. 

A study of the fauna and its distribution shows us that, as far 
as any evidence exists, the conditions were marine from the be- 
ginning of the Chemung i^eriod to the close of the Catskill; that 
in the early Chemung, or possibly in the Hamilton, the conditions 
within northeast Pennsylvania and the adjacent portion of New 
York became unfavorable to the free development of animal life; 
and that as time went on, these conditions were gradually ex- 
tended southward ana westward, so that, toward the close of the 
Chemung, they prevailed in Columbia county, fifty miles south- 
east from the Delaware river and in Bradford county, about the 
same distance weiit from the outcrop line. Before the close of the 
Catskill they hadf reacheil southward beyond James river in Vir- 
ginia, but had not extended much further west in Pennsylvania 
and New York. But, though prevented from existing in the 
muddy shallows, the animals existed further west in the basin, 
beyond reacn of the river silts, so that just as soon as an oppor- 
tunity wasr afforded b}' a hill in the untoward conditions, the 
active fishes found their wa^' eastward again, to be followed, if 
the inten^al were long enough, b}' the more sluggish- mollusks as 
in New York and in Roanoke and Russell counties of Virginia. 

On^ matter still remains — a few words concerning it, and I have 
done. 

What are the relations of this great Chemung- Catskill group to 
the Lower Carboniferous? 

The Pocono or Vespertine or Lower Carboniferous sandstone^ 
the lower division of the Lower Carlx)niferous, is practically non- 
fossiliferous throughout central and southern Pennsylvania, the 
only animal remains thus far discovered being those of mollut^ks, 
seen by Prof. White* in Bedford county, Pennsylvania, and those 
of fishes seen by Prof. Stevensont in Fayette count}'; but these 
have not been studied and their relations are still unknown. The 
upper beds of the Pocono become calcareous in southwest Vir- 
ginia where the mollusks are unquestionably Lower Carboniferous. 
The plant remains, obtained in Pennsylvania, are for the most 

*Geology of Huntingdon County, p. 81. 
tOeology of Ligonler Valley, p. 57. 
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j)art imperfect, but an abundant flora exists near New river in 

Virginia, which has been collected by Mr. R. D. Lacoe. It has 

not been studied in detail, but enough has been ascertained to 

show that its facies is Devonian rather than (!!arlM)niferou8. * The 

lower Pocono in Pennsylvania, containing thin coal beds, may 

pi*ove to 1k» the same with the series near New river, which 

disappeai-s altogether l)efore the state line is reached at the 

south, t 

The molluscan fauna of the Chemung shows no intimate rela- 

tion to that of the Lower Carboniferous. True, not a few Car- 
boniferous genera characterize the Chemung, but in like manner 
some Devonian genera characterize the Upper Silurian. The 
plant remains of the Chemung show somewhat greater affinity to 
the Carljoniferous, but there is not enough of the material to jus- 
tify, positive conclusions in any direction; at the same time these 
plants are clo.sely allied to the £rian flora of Canada, occupying 
a somewhat similar position in the general column. 

The physical break between Pocono and Catskill seems to be 
sufficiently well marked at most localities along the eastern out- 
crop, as well as along the southern lH)rder of Pennsylvania; so 
that where Pocono and Chemung go Iwneath the surfiice they are 
sharply* separated. The Po<;ono goes under in Fayette and West- 
moreland counties of Penns^'lvania, as a sandstone containing 
very little shale; l)ut when it reappears in northwesUu'u Pennsyl- 
vania, in Crawford county, it is sandstone on top with much shale 
below, so that the separation from the underl^'ing Chemung is by 
no means so distinct. Prof. White, in making his correlations 
with Ohio, found difficulty in determining the equivalents of the 
Cleveland and Bedford shales of that state, which were regarded 
then as belonging to the Waverly or Ivower Carboniferous. But 
Prof. Edward Orton, several years ago, found it necessary to 
place the Cleveland shales in the Devonian: and still more re- 
cently, Prof. Herrick's detailed studies have shown that the Bed- 
ford sliales carry the Chemung fauna, as was suggested many 
years ago by Prof. Hall. But beyond all doubt, the lower i^or- 

*J. P. TjeBley in A Dictionary of Fossils Found in Pennsylvania and 
elsewhere. \ ol. III. Addenda, p. xiii. 

tit is worth noting here that, during the study of Wayne and Susque- 
hanna counties, Prof. White placed the upper 'limit of Catskill nearly 
400 feet higher in the column than he did in his later publications. It Is 
not at all improbable that his original plane of dlvisioa may prove to be 
the proper one for the whole eastern outcrop to beyond New river. 
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tion of the Pocono in Crawford county shows an unexpected re- 
lation to the Devonian,* for at about 200 feet below the Shenaugo 
sandstone, there is a persistent limestone, which, though non- 
fossiliferous in Crawford, carries many fossils in Warren and 
Venango counties. It is found also in McKean. The fossils 
from Warren and Venango have not been studied, but Prof. 
White says that one of the spirifers suggests >S^. disjunct n. 
Chemung forms occur at the base of the Corry sandstone, which 
Prof. White thought to be the equivalent of the Bereagritof Ohio. 
In McKean countyt Prof. Hicks found Chemung forms passing 
up into the Mauch Chunk or upper division of the Lower Car- 
boniferous and associated there- as well as in lower beds with 
•*Waverl3' forms*', seven Chemung species having been found 
with seven determined and eleven undetermined species, regarded 
bj'' him as of * *Waverly type. " Pix>f. H. S. Williamst has shown, 
in his discussion of the fossil faunas of the Upper Devonian, that, 
at some localities in southwestern New York and northwestern 
Pennsylvania, species belonging to the Chemung fauna lingered 
even into the shales underlying the Glean conglomerate, which is 
the floor of the Coal Measures. It is sufficiently clear that, while 
the passage from Devonian to CarlM^nifei-ous along the eastern 
outcrop and for many miles west and northwest from it, was 
marked hy great ph3"sical changes, no serious disturbance oc- 
curred in the region of northwestern Pennsylvania and the ad- 
joining portions of New York and Ohio, where the passage was 
»o gradual as to permit the Chemung fauna to overlap that of the 
Lower Carljoniferous. But the fact that, at some locality or in 
even a somewhat considerable area, the passage from Chemung to 
Carboniferous is not marked by abrupt change in sedimentation 
and by a sharp limitation of faunas is not a good reason for em- 
bracing Chemung in Carboniferous. Other portions of the Ap- 
palachian region might be selected which would afford material 
for very different generalizations. 

If local continuity of sedimentation is to be accepted sus of 
itself a good basis for grouping rocks into ages, one would be 
compelled, within a considerable area of Virginia, to include in 

^Geology of Crawford and Erie countieSy p. 88. 

tL. £. Hicks la Report on Geology of McKean County, etc. pp. 80-31. 

JH. 8. Williams; Bulletin of the United States Geological Survey, No. 
41. Chapter iv. 
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one age all rocks from the Hudson River shales to the top of the* 
Pocono, for there one finds no interruption, except a streak of 
Ijower Helderl)erg, so thin that only one obsei'ver* has seen it in» 
place, though others have seen fragments of chert suggesting the- 
presence of that group. Nor is the fact that there are localities- 
where the passage is not abrupt, is not marked by destruction oT 
the fauna, necessarily a good reason for joining two consecutive 
groups. On such a basis one would have no difficulty in carr^'ing 
the Carboniferous downward so as to include the Lower Silurian, 
or upward to include the Pliocene. Thus in northwestern Penn- 
sylvania, Chemung fauna lingered into the Lower Carboniferous ; 
in south central Pennsylvania and Maryland, Oriskany and liOwer 
Helderberg fossils are mingled together in a transition bed.t 
Ordinarily the break between Lower and Upper Silurian is well 
marked, but in southern Pennsylvania, J the Hudson river forms- 
occur sparingly in the lower Medina, while in southwest Virginial 
Hudson River fossils occur abundantly to within a few feet of the- 
upper Medina; so that even on the easterly side of the Appa- 
lachian basin it would be easy to prove no break between 
[jower and Upper Silurian, Upper Silurian and Devonian, De- 
vonian and Lower Carboniferous, TiOwer and Upper Carbon- 
iferous. Dr. C. A. Whitell has told us how the line between 
Palaeozoic and Mesozoic disappears in the southwest, while- 
to not a few of us the gradual shading away of Mesozoic 
into Cenozoic brought a sufficiency of burdens in the past. 
General, not cg-cumscribed, conditions must be taken as the 
basis of subdivision of the column. The separation between 
liOwer Carboniferous and the Upper Devonian is too well marked, 
physically as well as palseontologically, over an immense area to 
V)e ignored for any but the most cogent reasons. 

But may not the Catskill as well as some portion of the 
Chemung be contemporaneous with the lower beds of the Lower 
Carboniferous of Ohio? Prof. HerrickU has shown that the base 
of the Lower Carlwniferous there cannot come below the Berea 



*Capt. C. R. Boyd, in personal communication. 
tOeology of Bedford and Fulton Counties, p. 86. 
:(Loc. cit. p. 92. 

gStevenson; proc. Amer. Phil. Soc. Vol. xxir, p. 138, xxiv p. 85. 
[Address as Vice President before Section £ of A. A. A. S. 1889. 
^C. L. Herrick; Bulletin Geological Society of America, Vol. ii, p. 84 
et seq. 
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grit. He has shown also Uow intimately related .the Bedford 
jshale is to the underhing Cleveland- Erie shale, and that fprpas of 
Lower Carboniferous type made their appearance only toward the 
-close of the former, so that there the fannas overlap tia in north- 
western Pennsylvania. It is possible that. when the detailed re- 
vision of the Devonian column has been carried across fi'om 
•eastern New York by Prof. IT. S. Williams into Ohio, the l>eds 
•of the Catskill will be found interlocking with beds of other 
tints, which in Ohio become the Bedford and Cleveland shales. 
If we l)ear in mind these facts: 

First, that the Chemung and Catskill deposits were laid down 
in a shallow l)asin subsiding most rapidly at the east and along n 
line rudel}' parallel to the Blue ridge trend. 

Secondly, that the deposits would be much greater near the 
main land at the east than at 200 miles awav ; so that 600 feet 
more or less of fine material in Ohio would more than fairlv 
represent the 4,000 feet, more or less, of Chemung in eastern 
Pennsylvania. And 

.Thirdly, that the water beyond the reach of the great land 
wash held a Chemung fauna throughout the whole time ,of Cats- 
kill deposit — there will be no serious difficulty in the way of ac- 
cepting this suggestion. 
. The conclusions to which 1 am led are 

First. That the series from the beginning of the Portage to 
the end of the Catskill, forms but one period, the Chemung, 
which should be divided into three epochs, the Portage, the 
Chemung and the Catskill. 

Secondly. That the deposits of the Catskill epoch were not 
made in a closed sea or in freshwater lakes. 

Thirdly. That the disappearance of animal life over so great 
part of the area toward the close of the period, was due to gradual 
•extension of conditions existing in southeastern New York as 
early, perhaps, as the Hamilton period. 

Fourthly. That the Chemung period should be retained in the 
Devonian. 



34 T1i€ Aoienmn Geolof/liit. January, 18D4 

PRINCIPLES AND METHODS OF GEOLOGIC COR- 
RELATION BY MEANS OF FOSSIL PLANTS* 

By LestbbF. Ward, Washington, D. C. 

In all work on geologic correlation, whether by means of fossils 
or of stratigraphy, the modern doctrine of homotaxis should, I 
think, be carefully kept in mind, as it is now well recognized that 
identical forms do not necessarily indicate indentity of age. 

In the eighth chapter of his well known work on Paleontology, 
M. Pictet lays down the following general principle: **Contem- 
poraneous deposits, iir those formed at the same epoch, contain 
identical fossils. Conversel}': deposits which contain identical 
fossils are contemporaneous/ 't 

Schimper, in his Vegetable Paleontology' accepts this state- 
ment and adapts it to plants in the following form: ^'Contempo- 
raneous deposits, or those formed at the same epoch, contain 
floras, if not completely identical, at least homologous, and con- 
Kecjuently deposits that contain identical or homologous floras are 
contemporaneous. "+ 

Nine years after the appearance of the second edition of Pic- 
tet's work, above quoted, and seven years before that of Schim- 
per's first volume, viz., on the 21st of February, 1862, professor 
Huxley, in his annual address as president of the Geological 
Societ}' of London, gave utterance to sentiments widely at vari- 
ance with these, but the soundness of which has been more and 
more clearly felt with each addition to geological knowledge. 
Although in this address Prof. Huxley did not cite the above 
propositions of Pictet, and contented himself with making a much 
milder statement of the position of paleontologists, he took up 
the (question of the assumed contemporaneity of the deposits con- 
taining identical fossils and apropos thereof expressed himself in 
the following language: ** Succession implies time; the lower 
meml>ers of a series of sedimentary rocks are certainly older than 

*Read before the Qeological dectioa of the Am?ricaQ Association for 
the Advaacemeat of Scleace, Washlngtoa meeting, August 21, 1891. 

tLes terrains contemporains ou formes d la m^nie C'poque renferment 
des fossiles identiques. IK^ciproquement; les terrains qui contienent 
des fossiles identiques sont contemporains/' TraiU^ de Pal^ontologie, etc., 
par F. J. Pictet, 2d ed., Vol. I, Paris, 1853, p. 100. 

;('*Le8 terrains contemporains ou form(?s il la m^me epoque renferment 
des flores, sinon complHement identiques, du moins homologues, et par 
consC'quent: L?s terrains (jui renferment des flores identiques ou homo- 
loijues sont contemporains.** Trait<^ de PaK^ontologie V^'gC'tale, etc.; par 
\V. Ph. Schimper. Vol. I, Paris, 1869, p. 100. 
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the upper; and when the notion of age was once introduced jis the 
equivalent of succession, it was no wonder that correspondence 
in succession came to be looked upon as correspondence in 
age, or contemporaneity; and, indeed, so long as relative age 
only is spoken of, correspondence in succession is correspondence 
in age; it is relative contemporaneity. 

But it would have been much better for geology if so loose and 
ambiguous a word as ^^contemporaneou^'* had been excluded from 
her terminology, and if, in its stead, some term expressing simi- 
larity of serial relation, and excluding the notion of time alto- 
gether, had been employed to denote correspondence in position 
in two or more series of strata. 

In anatomy, where such correspondence of position has con- 
stantly to be spoken of, it is denoted by the word ^^homolog}'" and 
its derivatives; and for geology (which after all is only the anat- 
omy and pln'siology of the earth) it might be well to invent some 
single word, such as, '*homotaxis" (similarity of order), in order 
to express an essentially similar idea.'' 

The term **homotaxis*', thus introduced into geologic terminol- 
ogy, has l)een widely accepted, and is now in constant use, even 
by those who have not taken the trouble to inquire how it origi- 
nated. The geologist considers the stratigraphical and lithologi- 
cal relations and the paleontologist the related organic forms. 
As regards the latter class of workers, they are, 1 believe, agi'eed 
that two deposits should be considered homotactic* when their 
floras or faunas show a sufficiently large numljer of identical or 
closely allied species, or contain to a considerable extent the 
same types of life. 

I fully share with Br. Newberry the view that fossil plants 
may be made of great value in the correlation of geologic strata, 
and also that when properly understood there will remain no con- 
flict between animal and vegetable fossils. The diflSculty has all 
along been that the science of paleobotany is in an unsettled and 
unorganized state, and that correct principles have been wanting 
for the application of paleobotanical data. It is not claimed that the 
science has advanced to the point where its usefulness is at its highest 
stage; it is still as it were in its infancy. Nevertheless a sufldcient 
body of facts now exist to make it a useful aid to geology. 

♦This seems the proper adjective form, and not "honiotaxiar' as some 
authors write it. 
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I propose, ill this paper, to first set forth a few principles whicli, 
as it seems to me, should govern the study of paleobotany as an 
aid to geologic correlation, and then to explain the methods which 
I have adopted for their application. 

I. Principles. 

Bearing in mind the law of homotaxis, and not forgetting that 
similar floras may have flourished in different parts of the world 
at different times, it nevertheless still remains true that the oc- 
currence of similar floras in different parts of the world, has a 
strong bearing upon the question of the age of the strata in 
which these floras occur. That is to say, although these floras 
mav have flourished at different times, the difference between the 
epochs at which they grew cannot be very great, and while an 
exact identity of age cannot be predicated, still it is safe to say 
that deposits containing similar floras must have been laid down 
at no great distance apart chronologically speaking. 

The great types of vegetation are characteristic of the great 
epochs in geologj', and it is impossible for types of one epoch to 
€)ccur in another. For example: It frequently happens in a region 
which is much broken up that the stratigraphical geologist is 
greatly puzzled to determine the relative position of certain rocks. 
The time has. gone by when geologists relj' implicitly' u|)on the 
ap|>earance of the rock in determining age, and rocks of (/arbon* 
iferous age may have so close a resemblance to those of Tertiary 
age that it is impossible to distinguish them lithologically. In 
such cases a single characteristic fossil found in place is suflOcient 
to settle the question. The fossil may be a mere fragment not 
specifically determinable, but if its reference to a great type of 
vegetation is. certain this is as conclusive as if it wer^ known to 
what species it belonged. For example, a dicotj'ledonous leaf 
from a stratum supposed to be Carboniferous, enables the palw)- 
bolanist to sav with absolute certaintv that such a reference is 
impossible. On the other hand a single scar of Lepidodcndron 
or Sigillaria from a dei>osit supposed to be Tertiary or Mesozoio 
is equally conclusive. It may be said that such cases are not 
common, but I have had in mx' limited experience a number of 
instances of precisely this nature where thoroughly comi>etent 
geologists were much perplexed, and were set right by such a 
single fact. 
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The celebrated ease of the beds of Chardonet, department of 
Hautes-Alpes, studied by Eliede Beaumont in 1828, and positively 
referred to the Mesozoic, but in which fossil plants of the genera 
Calamites, Sigillaria, and Lepidodendron were identified by 
Brongniart, is one of the best illustrations of this principle. 
And although, so 3*oung was the science of paleobotany at that 
time, tliat Brongniart himself was inclined to admit that these 
genera might occur in the Mesozoic, still, long before his death 
this was known to be impossible, and no paleolx)tanist would now 
hesitate in a similar case to tell the geologist that he had cer- 
tainly made a mistake in his stratigraphy. 

But in the determination of nearly related strata this is not 
possible, and limited material or single fragmentary specimens 
are not adequate. For such cases in order to be certain it is 
necessary to have a body of facts ; in other words a fair series of 
good specimens of fossil plants is required before the paleol)otan- 
ist ought to attempt to express his opinion with regard to the 
exact age of the deposit in which they are found. Most of the 
serious mistakes which have been made, and which have gone far 
to bring the science of paleobotany into disrepute, have resulted 
from neglecting this principle. Purely stratigraphical geologists 
have no conception of these laws, and a paleobotanist has to deal 
with them very qnuch as he would deal with the notions of un- 
scientific persons. They are constantly bringing him mere frag- 
ments and only isolated specimens, not perhaps specifically de- 
terminable, and they expect of him that from such material he 
will be able to tell them the exact age to which it belongs. This 
is simply impossible, and the paleobotanist who will base definite 
conclusions upon such material is certain to err. 

On the other hand, where such a sufl^cient body of facts exists 
paleobotany l)ecomes as conclusive for more nearly related forma- 
tions as for more widely separated ones. As an illustration of 
this, take the clays of Gay Head, Massachusetts. There is no 
spot more tempting to the stratigraphical geologist in this coun- 
try than Gay Head. Beautifully stratified clays of varied hues 
marking the dip and always freshl}^ worn, form a precipitous cliff 
visible as a gayly colored object from great distances at sea; and 
about the first work that geologists did in America was to attack 
the problem of the age of this cliff. The records of this work 
date back one hundred vears, and the names of the most eminent 
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geologists of the United States liave been associated with it. As 
a final outcome of all this stratigraphic work in such an inviting 
field, the conclusion has been at last announced by Professor 
Shaler, within the last two years, that these clays are of Tertiary 
age (Miocene or Pliocene). Almost simultaneously with this 
authoritative announcement, a young paleobotanist, Mr. David 
AVhite, of the United States Geological Survey, visited this 
spot and spent a summer in obtaining a collection of fossil plants. 
A few fragments had hitherto been found, and one or two of 
them had been figured in the works of Dr. Hitchcock. But such 
limited material was of no value. The specimens were obscure, 
and nothing could be concluded from them. Mr. White made 
a large collection of fine specimens of fossil plants. The}' were 
shipped to Washington, and he has determined them. They are 
found to be nothing more nor less than tj'pes of the Amboy clays 
of New Jerse}', and therefore represent the Cretaceous. 

This discovery has a wider significance than the mere proof that 
the plant bearing strata at least, of Gay Head are Cretaceous ; it 
also proves that the Amboy clays of New Jersey, after passing 
eastward and reappearing on Long Island stretch still farther in 
that direction, and probably underlie most of the glacial deposits 
of Block Island, the Elizabeth Islands, Martha s Vineyard, and 
Nantucket. Thus has paleobotany, legitimately employed, set at 
rest a question which stratigraphical geology could probably never 
have answered. Many other illustrations of this principle might 
be given, but this one will suffice for all. 

There is one other principle to be considered, the ignoring of 
which has long been a stumbling block to geolog}', and to paleo- 
botany as well. It is indeed impossible to overestimate the im- 
ix)rtance of the correct systematic determination of fossil plants. 
The doubts which exist with regard to the true nature of many of 
the vegetable objects found in the earth's strata, have led to great 
skepticism on the part of many with regard to the value of paleo- 
botany as a science. Botanists in particular, who have had some- 
thing to do with paleolx>tany, are as a rule much disappointed. 
Accustomed as they are to having before them the entire stnicture 
of the plant, all its parts and organs, not only of vegetation, but 
of reproduction, they have little patience with such fragmentary 
material as constitutes the bulk of most collections of fossil 
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plants. And geologists ai-e apt to reflect their opinions and to 
join witli tliem in condemning paleobotany. 

There are two answers to all these objections. There is an 
answer to the botanist, and a separate answer to the geologist. 
The answer to the botanist is that, considering the conditions 
under which we find these specimens, there really does exist a 
large amount of information of a somewhat exact and relial)le 
kind with regard to the past history of vegetation. Aside from 
the fact that at some points on the earth's surface fossirfloras are 
known to exist which almost equal in number of species the ex- 
isting floras of the same localities, there is the further answer that 
paleobotany teaches us to stud}* more carefully the fragmentary- 
remains that we find; it sharpens our powers of obser\'ation upon 
the facts which are in our possession and has added not a little to 
our knowledge of botany proper. For example, it is the habit of 
botanists to figure leaves so carelessly that the paleobotanist is un- 
able to tell the genera to which they belong. This is chiefly due 
to the fact that they ignore, as a rule, the exact nervation of 
leaves, and are content to figure them almost from the stand- 
point of the artist, merely for the sake of the effect. Paleobot- 
any has taught the botanists that the nervation of leaves is im- 
portant, and that wherever possible it should be carefully figured. 
We are indebted to fossil plants for the discovery that nervation 
in leaves is of generic rank, whereas form, upon which the bot- 
anist chiefiy relies, is usuall}' only of specific rank. Leaves, 
therefore, which show nervation are not useless in determining 
species, but are valuable, and by them alone geneni may in many 
eases be made out with certainty. 

Still answering the botanist, it may be further urged with jus- 
tice, that in the case of nearly' all problematical forms as ancient 
as the Cretaceous, it must not be supposed that the genera can be 
determined by comparison with genera of living plants. It is to 
be expected that the genera with which we are dealing in these 
ancient strata, are extinct, and all that we are called upon to look 
carefully for is evidence of their being related to or the ancestors 
of our modern plants. 

The answer to the geologist is still more conclusive: in fact he 
has no right to raise any objection whatever. It really makes no 
difiference to him whether the form tliat the paieolx>tanist has 
named, is correctly named or not; this question is one of purely 
biological im|x>rtance. it is one of no geological importance. But 
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that which is of geological importance, is that the form in ques- 
tion ]3e distinctly recognized, that it be' carefully portrayed, and 
that what has been found be characterized in accurate descriptive 
language and I'epresented by clear and careful delineation. There 
must be no doubt when the same form is seen again at a different 
locality, as to whether it is really the same form. This is a vital 
point with the geologist. If the form, no matter what it may 
reall}' be, is something clear and distinct, which can be recognized 
when seen anywhere, and if it is characteristic of a given horizon 
or locality, it l>ecomes to that extent of value in fixing the rela- 
tive age of any other deposit in which it may be found. If onlj- 
found in two localities or at two points on the earths surface the 
deduction, though not absolute, is legitimate that unless there is 
evidence to the contrar\^ the two localities are of somewhat simi- 
lar geologic age. But if the object be very abundant, and char- 
acteristic of some well known group or horizon, then it is that it 
becomes of great importance as a characteristic fossil, independ- 
ently of how much may >>e known of its true botanical nature. 

II. Methods. 

T propose next to indicate the general method which I ha\'X> 
adopted in the application of these principles to geologic correla- 
tion by the aid of fossil plants. 

In a broad sense this, of course, consists in the comparison of 
similar floras, and the conclusion from them of similarity of age ; 
but there are many limiting circumstances to be taken into the 
account. If the localities at which similar floras occur are not 
widely separated geographically, the conclusion of similarity of 
age is more or less reliable. For example, when we find that the 
flora of the Richmond coalfield is very similar to that of the North 
Carolina coalfield, the inference that these two coalfields are of 
similar age is wholly legitimate. And even when we find the 
same species, to a considerable extent, in the Triassic Of New 
Jersey and in that of Connecticut and Massachusetts as occurring 
in Virginia and North Carolina, the inference cannot be very 
wide of the mark that the strata containing these plants were de- 
posited at about the same time from Massachusetts to North Carolina, 

In proportion as these similar floras are separated geographi- 
cally the inference of the similarity of age and deposition grows 
weaker, but it will remain strong as long as the two localities are 
on the same continent, or as evidence exists that an unbroken sea 
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once stretched all the wav from the one to the other, or that si in- 
ilar lakes or estuaries existed in both parts of the continent at 
the same time. Such is the case when we compare the Triassic 
of the eastern states with that of New Mexico, Arizona, and 
Central America, and although the floras of these widely sep- 
arated parts of the American continent are considerably differ- 
ent, still it has been argued by eminent geologists that the oc- 
currence of a large number of identical species, and a similar 
facies in the type of plants indicate the former existence of a 
great Triassic sea of nearly uniform age, from New Mexico to- 
Honduras; and not widely diflferent in age from the correspond- 
ing one which extended on the eastern side of the continent from 
Massachusetts to North Carolina. The same principle could be- 
applied to many other epochs in geologic history. 

What then is the specific method adopted in comparing floras? 
It may be briefly defined as the preparation of tables of distribu- 
tion and their discussion. As already remarked, the more com- 
plete the flora of any group to be considered is the more accurate 
will l3e the comparison. Therefore the first work to be done is to- 
make a complete list of all the fossil plants that have been found 
in the given group. This list of species may be primarily re- 
ganled as whoUj' unknown geologically. 

If there are several distinct localities, areas, or basins which 
are suspected to be of similar age, the species or forms that occur- 
in each of these must first be enumerated separately and compari- 
sons made to ascertain to what extent they are the same or simi- 
lar for the different floniles. This is what, in m}' Triassic work 1 
have called the American distribution. The number of forms 
common to anv two such areas will indicate the botanical resem- 
blance between such two florules. Thus in the Triassic flora of the 
United States as known at the present time, the following table 
shows the number of species common to two or more of the basins: 





Areas 


Areas 


New Jersey 

and 

Pejniieylvanio. 


Virginia. 


North Carolina 


New Mexico 

and 

Arizona. 


Connecticut Valley 

New Jersey and 

PennsylvaDia ... 

Virginia 




5 
1 


6 
10 
20 


1 

2 

o 

<^ 

2 


North Carolina... . 





But as the number of species occurring in the different basins- 
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is very ditferent these figures might lead to an erroneous im- 
pression. What it is desired to learn is the relative preiK)uder- 
ance in any florule of species common to other florules. This can 
-only be shown by a table of percentages. For the Trtassic basins 
of the United States 1 present this information in the following 
form: 



Basins or Areas. 


Occurring in 


Confined to— 


Common to and 

.(lome other 

basin 


Per cent, in 
other basins. 


Conaecticut Valley 
New Jersey and / 
Pennsylvania. \ 
Tlrginia 


23 
18 

52 
13 


13 

5 

84 
25 

11 


9 

18 

22 
2T 

2 


30 
72 
39 


North Carolina.... 

New Mexico aod { 

Arizona \ 


52 

15 



Considering the well known fact that in almost any new local- 
ity for fossil plants, the majority of the forms found will be new 
to science, the percentages of common species here shown, with 
the exception of the western basin, are large and may fairly be 
taken to prove actual or approximate contemponineity of de- 
position. 

The next step is to ascertain how man}' of the species have 
Jbeen found at other localities and horizons. This is what I have 
denominated their foreign distribution. To show this a table is 
prepared with columns for such different foreign localities, ar- 
ranged in ascending geological order, the lines of which are oc- 
cupied by the species found in the locality to be compared. The 
:species that have been already described from other localities and 
horizons are then indicated in the proper column by some char- 
acteristic mark. The range or geologic history of each spfcies is 
thus recorded upon the same line on which the species is written. 

Such a detailed table of distribution of the species of any 
given group, is exceedingl}' simple and elementary'; and in so far 
as it goes requires no explanation. But there are other considera- 
tions to be taken into the account. In all the lower forms, consist- 
ing chiefly of crj'ptogams, cycads, and conifers, two facts are to 
be considered: In the first place it is to be remembered that our 
knowledge of the nature of these ancient forms is not sufficient 
for us to predicate with certainty their generic relationships. They 
are usually extinct forms and are given names accordingl}' as ex- 
tinct genera. In the second place, as all paleontalogists now 
know, the ancient forms of life on the glol)e were less definite, or 



us it is expressed in modern scientific language^ less completely 
differentiated than they are at the present da}'. The consequence 
is that we are all the time changing from one genus to another, 
and from one family to another as the evidence accumulates. 

Now there is no doubt that the later forms of life, both animal 
and vegetable, have developed from earlier forms, and these 
transition stages in the paleontologic record enforce this truth far 
more strongly than any facts in the living faunas and floras of 
the globe. Assuming then that the later floras are derived from 
the earlier ones, it is of the utmost importance, not only to the 
botanist, but also to the geologist, to trace these ancestral rela- 
tionships of plants, and this can l>e done with considerable suc- 
cess. Therefore in the preparation of a table of distribution we 
must not confine our attention exclusively to the species which are 
found in the group to be compared. In fact so variable are these 
ancient forms that it would be impossible to do this. It would be 
ver}' misleading to l)e guided exclusively by the names given to 
the species. The forms differ in ditferent localities by such slight 
divergences that the personal equation of the describer would 
vitiate such a calculation. Some would join similar forms from 
different localities, others would separate them as distinct species, 
and the history' of the nomenclature of paleobotany is merely a 
record of these apparently conflicting determinations, but which 
in reality after all, rmerely show that the forms are more or less 
closely related, although they can never agree in all respects. 

This, therefore, is the diflncult part of the preparation of a 
table of distribution, viz. , to select not only the species which 
are universally regarded as identical in two or more horizons, but 
also such as are believed to be related to those of the group under 
consideration. There is danger on the one hand of leaving out 
important related species, and on the other hand of introducing, 
as related species, those which really have no aflSnity. Without 
dwelling upon the details of this difiScult part of the task, it must 
be assumed that the paleobotanist, if skilled in his craft, possesses 
that judgment which will enable him to distinguish the truly re- 
lated species from those which are only apparently so. To the si>ecies 
then which all admit to occur at more than one horizon or in more 
than one place, and which we will, for the sake of brevity, de- 
nominate ithntical species, must now Ihj 'added to those which are 
related to species of the group, and which may lie called rehtted 



44 The Anici'tCaa Geohnjint, January, 1892- 

or all led species. But this introduces a new element into the 
ta})le since it is manifesth' impossible to indicate these relation- 
ships by the same means which were used to indicate identity. 
It is necessary to use a separate line for each of these related 
species; also to use an additional column at the left hand of the 
margin in which to write their names. It is then possible to use 
the same sign for the related species as was used for identical 
species, and to carry out its geological distribution in the col- 
umns as above described. 

Such a table is useful when one wishes to follow out any one- 
particular species, and to trace its distribution to other localities 
and horizons. But it does not give a comprehensive view of the 
relationships of the flora in general ; the data which it contains 
require to be condensed into more convenient form. 

The first step in such condensation should probably be the ar- 
I'angement of all the species in the ascending geological order,, 
of the formations in which the)' also occur. It is instructive in 
such a table to show the indentical and the related species for 
each formation separately; that is to say, all the species together 
which are found at the lowest, next lowest, third lowest forma- 
tion, etc., of the entire range of the group. In this way those 
horizons at which the largest number of species occur are clearly- 
brought into view, not only by the number of species which 
occur in them, but also b}' the relative numl>er of those which 
are identical to those which are merely allied. 

This condensation may be still further generalized by the re- 
duction of the list of species to the numerical form ; that is, by a 
statement of the number occurring at each horizon without 
enumerating the species at length. Just as in the table last men- 
tioned the same species will often be several times repeated, so in 
the tal)le now under consideration,* the numbers in the columns 
include such over-lappings. Hitherto we have considered the sub- 
ject only from the geological standpoint, but it is of interest to 
geolog}' as well as to lx)tany that some classification be made of 
the principal types of vegetation embraced in any flora. As the 
table last described is very short it is possible to introduce some- 
such classification in it. In discussion the Triassic flora, which has 

I'This table appears in the Bulletin of the Geological Society of America, 
Vol. iii, p. 20. The larger tables used to illustrate this paper will he- 
published in my essay on correlation, in preparation. 



been the basis of my remurks upon the method pursued, I liave 
here shown the number in each horizon respective!}', of ferns, 
equiseta, rhizocarps, cycads, and conifers, these being the onl}' 
types represented in the foreign distribution of that flora. 

The method of reasoning with reganl to the age of the forma- 
tion from data of this kind, is important to be considered. The 
usual way is to prepare only some such extended table as the first 
•one described, often without taking account of related species, 
and then to proceed to discuss each species and its bearings u|)on 
the age of the group. The data thus considered are only abso- 
lute, not relative, and conclusions drawn from them are apt to be 
very misleading. I have frequently pointed out that the great 
mistakes of Heer and Lesquereux in placing the American plant - 
bearing strata too high in the geological scale was due to this 
fallacy. These geologists compared the Dakota group flora, the 
Laramie group flora, and all the higher floras of the United 
States with those of the Miocene of Europe and of the Tertiary 
of the polar regions. They laid great stress on the fact that 
species were found in these formations which could not be dis- 
tinguished from American species, or which could scarcel}' V>e so 
distinguished. Such an argument is of little value in view of the 
immense magnitude of the Tertiary floras considered. The Ter- 
tiary flora of Europe embraces elements of antecedent floras, and 
it is so well preserved that the number of these pre-Tcrtiary 
forms, holding over into the Tertiary, is far greater than the 
number of pre-Tertiary forms that have thus far been found in 
lower formations, which have yielded comparatively few plants 
A comparison, therefore, of the American Laramie group, for 
example, with the European Tertiary alone without considering 
the European Cretaceous flora, and without noting this continu- 
ance of Cretaceous types into Tertiary time, proved to be ex- 
tremely misleading, and resulted in the general impression, which 
still prevails in Europe, that our Laramie group is of Tertiary 
age. Perceiving this fallacy' I was the first, and so far as 1 know, 
am the only one, to attempt an enumeration of the Cretact*ous 
«}iecies of fossil plants with a view to their comparison with those 
of the Laramie group of. the United States.* 

The system which 1 have just described obviates this fallacy. 

♦Svnopsls of the Flora of the Laramie Group. Si.xth Ann. Kept, of 
the L. S. Geol. Surv., pp. 44:{-514. 
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In fact it makes a comparison of the forms determined with those 
of all the formations in which any of its species occur. In rea- 
soning with regard to it, therefore, one is constantly checked in 
considering any particular horizon, by the facts relating to the 
horizons both above and below. For example, in treating the 
Triassic flora in the numerical table last described, if one's atten- 
tion were confined either to the Oolite or to the Lias, one might 
conclude that either of these formations was near to the one to be 
determined. But dropping the eye down the column- to the Rhetic 
it is observed that a considerably larger percentage of the same 
species, both identical and related, occur in this. So great was 
this similarity that Professor Fontaine decided that this must 
represent the nearest approach in geologic age to the Richmond 
coalfield. But the subse(|uent researches of Stur, with which 
Professor Fontaine was, of course, unacquainted, in the Keuper 
formation of Lunz, in Austria, and in the Keuper floras of 
Europe of nearly the same age, esi)ecially those of Raibl in 
Carinthia, and of Neue Welt in Switzerland, have shown that the 
Keuper flora of Europe, although much less abundant, contains a 
larger uumbar of American Triassic forms than does the Rhetic 
flora of Franconia, South Sweden, Brunswick, etc. So that al- 
though only a verj- few American forms occur at an\' horizon 
lower than these, nevertheless we seem compelled to conclude 
that this Upper Keuper horizon of Lunz, Austria, comes nearer 
to that of the American plant-bearing Tria.ssic deposits than does 
anv other in the world. 

Now the question may arise whether all this really proves any- 
thing. Where two flomfi as old as the Trias and as widely sepa- 
rated as Austria and Virginia are found to agree so remarkably 
in the forms they contain, is it legitimate to conclude that the age 
of the one was the same as that of the other? Certainly not. 
And yet, if facts like this do not prove that there existed an 
epoch on lx>th sides of the Atlantic, which to all intents and pur- 
|X)ses may be regarded as simultaneous, then all paleonto logic 
data are without value. The fact to be lx)rne in mind is that the 
correlation established by such data is homotactic and not neces- 
sarily chronologic. Reasons may exist why the same types may 
have come upon the stage at a later or earlier period at one of 
these localities than at the other. But of the nature of thc^e 
retardations or advancements we are without scientific explana- 
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tion. What we i)ossess is the general fact that a similar flora 
once existed in two parts of the world very widely separated, and 
until some other facts are discovered which complicate and vitiate* 
such a conclusion, it is lx)th safe and useful for the geologist to 
regard the two deposits as belonging to the same geologic age. 
There are certain limitations within which this must be true, and 
when these limitations are recognized the paleontologist may as 
safely draw his conclusions as he could before the law of homo- 
taxis had been formulated. 



AGE OF THE LIMESTONE STRATA OF DEEP 
CREEK, UTAH, AND THE OCCURRENCE 
OF GOLD IN THE CRYSTALLINE POR- 
TIONS OF THE FORMATION. 

By William V. Blake, ShiillHburg, Wif*. 

The Deep Creek i*egion, so called, lies along the western border 
of Utah territory and nearly southwest of the Great Salt lake^ 
It lx)rders upon the state of Nevada, and has lately been brought 
into prominence by reason of the development of deposits of 
argentiferous lead ores and of auriferous copper ores. The pre- 
vailing formations are granite and limestone. The limestone is- 
largely developed, and forms ranges of hills and mountains of 
considerable extent, trending generall}' in a .. northerly and 
southerly direction, parallel with the ranges of Tintic and of the 
southern end of Salt lake. The principal range, known as the 
Ibapah, forms the eastern side of Deep Creek valley. Tbapah 
mountain, the highest peak of the range, is said to be the 
highest mountain in Utah; higher even than any of the grand 
mountain masses of the Wahsatch, not excepting Mt. Nebo. 
Ibapah is flanked on the north by massive strata of limestone^, 
which in some places, notably at Gold Hill, are much uplifted 
and metamorphosed apparently by intrusions of granitic and 
porphyritic dykes, the alteration consisting in loss of color (the 
ordinary grayish -blue color being changed to white), a coarse 
crystallization, and the formation of a variety of silicates, such 
as garnet, tremolite and tourmaline, esiXKjially near the planes of 
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contact with the dvkes. There is also more or less mineralization 
in places, either in the form of vein- like beds, or in isolated 
patches and bunches at a considerable distance fi-ora any crystal- 
line rock — but not outside of the crystalline and whitened ix)r- 
tions of the limestone. This last observation applies particularly 
to some of the copper ores found in the midst of the limestone 
existing primarily as the variegated sulphuret — erubescite. These 
ore nodules have decomposed and have formed green carbonate of 
copper, which stains the rock for a considerable distance around 
and bej'ond the original nodule, or bunch, of sulphide. In such 
places free gold of high grade may be found by crushing and 
washing the rock. This noble metal occurs also independently 
of any cupriferous mineralization in the midst of masses of 
colorless tremolite, in coarse grains and strings in very much the 
same form in which it is found in other regions ramif3'ing through 
quartz. This is an unusual and unique association of gold. 
It has been found, but rarely, in close association with greenish 
black hornblende in veins composed partly of quartz and partly 
of dolomite, but never before, to my knowledge, in white tremo- 
lite. This tremolite carries, also, some small disseminated crys- 
tals of iron pyrites. 

The limestone in which the gold occurs appears to be the Lower 
Carboniferous, or Mountain limestone, as shown by an abundance 
of fossils, chiefly of the genus ProducfuSy found a short distance 
east of Gold Hill. 

From the fact that coarse gold in. placer deposits has been 
found at Osceola and its vicinit}', nearly south of the Ibapah 
mountain, it would appear that there is a gold region extending 
north and south near the Nevada and Utah line, and that the 
placers were formed during the period of great precipitation or 
rainfall which preceded the present era of gradual dessication 
At the place where gold is now taken from heavj' de)x>sits of 
lioulders and gravel, the flow of water is wholl}' inadequate to the 
formation of such deix>sits. Probably the deposits were formed 
during the great glacnal epoch of which there are such magnificent 
records in the Sierra Nevada, and the Wahsatch as well lus in the 
ancient beaches of lake Bonneville. • A good supply of water, 
<»ven for ordinary .purposes, is now one of the greatest needs of 
t\\Q Deep Creek region. 
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EDITOEIAL COMMENT. 



ARCUKAN ERUPTIVE ROCKS OF PINNLAND. 

Stiidien ueher acJiaineli^ JSruptivgesteine aus dem sud wfstlicfien Finnland. 
von J. J. Sederiiolm. {Mineralog. undpetrogr, Miith. XII, 1891, 

This paper is an interesting and clear statement of the results 
of detailed geological and petrographical studies, in a field whose 
general features have already been described and mapped by Dr. 
Sederholm, in the Swedish language. 

The Archffian age of the rocks investigated is determined by 
the geological condition which obtains generally throughout very 
extensive regions in Finnland, viz: that the Cambrian and Silurian 
rocks are found constantly in a perfectly horizontal and undis- 
turbed attitude, while the underlying pre- Cambrian have been 
much folded and altered. In the field described by Dr. Seder- 
holm the immediate superposition of the Cambrian is not ob- 
served, but the rocks he treats of are identical petrographically 
and in the conditions of their occurrence, disturbance and altera- 
tion with rocks the pre-Cambrian age of which is demon- 
strated; so that he infers them to have been in existence prior 
to the great epochs of disturbance and erosion, which antedated 
the Cambrian in this part of Europe, and hence Archaean. 

Among the ditferent formations which the author recognizes 
iind describes may be mentioned first a series of pht/Uites. mica 
jfcfusts and hornblende schists^ all of which appear to be altered 
sedimentary rocks. These altered sedimentary formations are 
suiTounded by granite rocks, which penetrate them in innumer- 
able dykes and veins, both transverse and parallel to the planes of 
uchistosity. For a>portion of these granites the term ' '■Adergneiss' 
is used as descriptive of its intimate interveining with the schists. 
Occurring in extensive masses thei*e are two chief varieties of 
granites of quite different age, viz: (1). A gray granite^ rich in 
plagioclase and having generally hornblende as a constituent. 
This possesses often such a well marked parallel structure that it is 
commonh' alluded to as gneiss. This parallel structure is held to 
be a pressure effect. In the midst of this granite there occur 
masses of basic rocks sometimes several kilometers in extent, but 
generally much smaller. These pass by gradations into the envel- 
oping granite, and are held to be more basic separations or secre- 
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lions from the same magma. These basic masses are now in part 
much altered, but they may be classed with the dioritesj gabhros 
and peridotites. This gray granite formation is shewn to cover 
a much more extensive area than the schists, and it is held to 
constitute a geological unit and to l)e younger than the schists 
with which it is in contact. 

(2.) A reddish granite with garnets The feldspar is chiefly 
microcline, which is often in part intergrown with quartz in the- 
manner of pegmatite. The mica is chiefly and sometimes exclu- 
sively muscovite. The coarser varieties of this muscovite gran- 
ite pass into pegmatite. This red granite is younger than the 
gray granite. The red granite also shews very commonly a 
parallel structure, but this cannot be ascribed so definitely to* 
pressure eflfects as in the case of the older granite, but it is rather 
to be referred to some primary condition. Associated with these 
formations there is in the middle portion of the region examined 
a long belt, varying in width from two to seven kilometera, 
composed of fine grained rocks rich in hornblende, of which the 
most tj'pical variety possesses a well marked porphy ritic structure, 
and is known as uralifporphgrite. There are some minor varieties 
referred to, as nielaphyre^ plagioclase porphyrite, and amygdaloid^ 
which are genetically allied to the typical uralitporphyrite. Out- 
side of this belt there are other occurrences, but of limited extent. 
Notwithstanding the great alteration which these rocks have under- 
gone, it is possible to recognize their original characters. They 
constitute a series which accords perfectly with some of the 
younger volcanic rocks. The occurrence of vesicles, of rocks 
which were originally glassy, and of tuffs and other volcanic 
ejectamenta is proof of the fact that for the development of these 
great eruptive formations there must have l)een a true volcanic 
activity'. There was first an eruption of a comparatively acid 
magma, which solidified as a highly feldspathic andesite. There 
was at the same time, however, also a basic magma produced, 
from which arose melaphyre and plagioclase porphyrite. The 
cause of the metamorphism of these rocks is sought for in the 
strong mountain folding which occun*ed in pre-Cambrian time. 
By this agency the eruptive formations buried deep in the crust 
were folded together and altered apparently under the infiuence 
of solution. The relative age of these various geological forma- 
tions is determined by the following facts: The m-alttr porphy n'te 
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fDrmation is found in contact with the gny gninitc and the dio- 
ritic rocks genetically associated with it; it ia also found in con- 
tact with the schists and with the red granite* From a critical 
study of these various contacts it is evident that th« uralite por- 
phyrite formation is 3'ounger than the gray granite and tke schists, 
but older than the red granite. Since the gra}' granite pierces 
the schists the latter are the oldest formation. The sequence of 
formations in order of relative age is therefore as follows : 

1. Phyllltes and schists. 

2. Orav granite and associated dlorites. 

H. Uraiite porphyrite and associated rocks. 
4. Younger red granite. 

At the time of the extravasation of the uralite iK>rphyrite 
the schistose rocks had already been folded, and so deeply eroded 
that the underlying granitic masses were exposed. It is probable, 
however, from the fact that the uralite porphyrite sheets are so 
often found in contact with the schists and phyllites, that the lat- 
ter were not extensively or completely' folded up at the time of 
the outflow of the volcanic rocks, and that a great portion of the 
disturbance was effected after that event so that the |>orpliyrites 
were effected bv it. 

The red granite traveraes the uralite porphyrite in numerous 
places, but the contact metamorphism is insignificant, and the 
alteration of the volcanic rock is, as above stated, ascril)ed 
rather to agencies attendant upon crust crumpling forces. 

A perusal of the paper suggests some interesting {Kkints of 
analogy with the geologj' of the somewhat similar regions of 
Canada. For instance the horizontalit3' of the Cambrian of Finn- 
land is comparable with the flat undisturbed attitude of the 
Animikie rocks of lake Superior. The absence of an}' obsen'able 
basement for the altered schistose sedimentary formations and 
the occupancy of the place of 'that basement by an irruptive and 
younger granite appears to be very analogous to the conditions 
which obtain in central Canada, as observed by Dr. A. C. Lawson, 
in British Columbia as described by Dr. G. >I. Dawson, and in 
Nova Scotia as inferred from the descriptions of Mr. Faribault. 
The gneissic character of the irruptive granites is also another 
feature which the rocks of Finnland and Canada have in common. 
And the establishment of the existence of true volcanic mcks, 
though much altered, in the Archaean of Finnland is in harmony 
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with the conclasions which have been reached regarding the char- 
acter of many of the rocks of the Keewatin (Archuean) group in 
the region northwest of lake Superior. 

Earliest Man in America. 

The American Geologist, Vol. VIII., p. 180, September, 
1891, and the American Naturalist^ Vol. XXV., pp. 991 and 
1034, November, 1891, note the important additions that have 
been made to our knowledge of ancestral human types by the 
discoveries of MM. Lohest and Fraipont, of Liege, Belgium. 
These discoveries, together with similar discoveries at Canstadt 
«ad elsewhere in Europe, establish the fact that the anomalous 
cranium, known as the Neanderthal skull, which has been discussed 
with more or less energy since 1857, represents a race of men 
once widely distributed throughout Europe, and not, as has been 
over and over again suggested, a mere individual peculiarity. 
The object of this note is not to discuss these discoveries, but 
to point out the fact that America was once occupied by a race of 
low -browed men, that were in all respects as degraded as the men 
of Neanderthal or Canstadt. 

Dr. J. "NV. Foster* w^as among the first to call attention to the 
fact that tumuli in the Mississippi valley furnished crania char- 
mcterized by great development of the supra-orbital ridges, low, 
retreating forehead, and zygomatic arches projecting beyond the 
general contour of the face. The skull from * 'Kennicott's 
mound,'' near Chicago^t had it been found in Europe, would be 
regai'ded as a fairl}' typical cranium of the Neanderthal or Can- 
stadt race. A cranium from the region of Dubuque, Iowa, is 
equally as flat and as destitute of forehead as the famous Nean- 
derthal skull. Dr. Lapham, speaking of the peculiarities of two 
skulls preserved at 3Iilwaukee, Wisconsin, refers in particular to 
the *^low foreheady prominent superciliary ridges, the zygomatic 
arches swelling out beyond the walls of the skull, and especially 
the prominence of the occipital ridge. "{ 

Four crania exhumed and described by Mr. C. L. Webster bo- 
!ong to the same degraded type. One of these from near Floyd, 
Iowa, is figured in the American Naturalist, Vol. XXIII, Plate 

*Pre-hl8toric liaces, Chap. VIII. 
tFo9ter'8 Pre-historic Bac^s, p. 280. 

JPrivate correspondence of Dr. LapUam quoted by Foster. Pre-his- 
i orif Uaresy p. 290. 



J^ditorial Coinineni, 5*^ 

VllI, Figs. 1 and 2. Three othera were from Old Chickasaw, 
Iowa, and are referred to on page 650, of same vohime of the 
Naturalist, Mr. M. W. Davis, of Iowa City, Iowa, has a cranium 
taken from a mound in Johnson county, which exhibits many of 
the same i*acial characteristics. Skulls of the same type are known 
from Indiana. In fact a low-browed, ape-like race of men was as 
fully developed and as widely distributed in America as in Europe. 

There is reason also to believe that man was pi*escnt in America 
at as early a period as the first record of his appearance in Europe. 
The arrow points found by professor Aughey in undisturbed beds 
of Lo(5ss* at different ^joints in Nebraska and Iowa, attest the 
presence of man in the Missouri valley in close proximity to the 
edge of the retreating glaciers. The human implements found in 
the EquHs beds of the basin region indicate the presence of man in 
Nevada alx>ut the time he made his appearance in Iowa and Nebraska. 

The early low -browed American had for contemporaries an as- 
semblage of animals similar to those with which the Neanderthal 
man was associated. The Equus beds contain remains of two or 
three extinct horses, an elephant similar to the hair}' elei)hant of 
Quaternary Europe, a musk-ox, Oribos cavifrons Leidy, and 
others for which see the writings of Cope,t Russellt and Gilbert. 3 

Some recent discoveries in South America point to a race even 
more ancestral than that indicated bv the flat crania of the 
Mississippi valley. The question may now arise whether man did 
not originate on the American continent. The eastern continent 
receiveil its horses and camels from America; why may it not 
also have received from the same source its earliest stock of flat- 
skulled men? 

Companions ok Eozoon. 

The constant recession of the beginning of life to lower and 
lower horizons, is like the constant retreat of the rainl)ow before 
the boy who follows it in the hope of finding the promised ix>t of 
gold. Most geologists of middle life can recall the time when 
the lowest fossiliferous strata were those lying about the base of 
the Ordovician or Lower Silurian system. Below this was a chaos, 

♦Hayden'a Annual Kept, of the U. S. Geol. & Geog. Survey of the 
Territories for 1874. VVaahiugton, 1876. p. 255. 

tBulletin U. S. Geol. & Geog. Survey of the Territories. Vol. V. p. 48. 
Am. Naturalist, Vol. XVI. p. 104. 

{Fourth Ann. Rept. U. 8. Geol. Survey, p. 460. 

§Lake Bonneville, U. S. Geol. Survey. Monographs, I. p. 3S»4. 
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not indeed without fossils but in which fossils were exceedingly 
scarce. 

Now, however, the immense Cambriun system has been erected 
in this chaotic region with its three divisions, each holding a 
characteristic fauna, and geologists are venturing on yet farther 
conquests in the same direction. The vast Pre-Cambrian masses 
inter\'ening between the Cambrian and the true Archtean are be- 
coming more and more a field for careful investigation, and slowl}'' 
we are finding traces of forms of lowly life that inhabited the an- 
cient seas wherein those rocks were formed. 

Behind these aeons of Pre-Cambrian time lie the Archjean ages, 
and even these are not too old to yield traces of life. For thirty 
years has the spectral Eozoon canadeuse stood before the world as 
a palax>ntologic problem; on one hand stoutly defended by its 
foster father, Sir William Dawson, and a few faithful friends, and 
on the other attacked by almost all other students of the Foramini- 
fera. In the report of Dr. Frazer to the International Congress 
in 1888, as given in this magazine for September of that year, 
are the opinions of fourteen geologists, of whom only three, Daw- 
son, Hunt and Walcott, pronounced in its favor. 

It is scarcely possible to doubt that not a few of these were in- 
fluence<l against Eozoon b^' its loneliness. Standing solitar}' as 
the single relic of the life of the dim and distant Archaean, it was 
surrounded with a haze that no geological telescope could entirely 
pierce. For this reason it was exposed, and naturally so, to sus- 
picion that would not have been felt had other organisms of 
similar date been known or even suspected. 

From this point of view some of the recent work of Canadian 
geologists is of verj' great interest. In his address as president 
of the Natural History Society, of New Brunswick, Mr. G. F. 
Matthew has rei)orted some remarkable discoveries among the 
Archa?an rocks of Canada. After noticing several connected 
matters, Mr. Matthew says: 

**It is with pleasure that I am able to call your attention to the 
existence, in your neighborhood, of remains of organic forms of 
an antiquity far antedating the Cambrian age. 

*'As we have at St. John a definite base to the Cambrian sys- 
tem, and since these basal rocks carry the very oldest Cambrian 
fauna known, we are sui-e of the greater antiquity of the organic 
forms to which I refer. 
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•*The rocks have been described in the reports of the geological 
survey of Canada, as the *«Upper Series" of the Laurentian area, 
and in this the fossils to which I refer have been found." 

In a subsequent paper read before the same society, Mr. Mat- 
thew described these organisms. The first which he has named 
Arclueozooii acadie/ise is, he says, more nearly related to the 
Cryptozoon of Prof. Hall than to Eozoon, but diflfers from both. 
To the naked eye it resembles pieces of fossil wood, and it occurs 
in immense numbei's in a reef of limestone. 

Again in a later paper Mr. Matthew describes some other forms. 
One is Cyathospongia f eozoica and consists of parallel and forked 
spicules crossed by others at right angles or nearly so*. The other 
is Hal i chondrites graphUiferus^ also a sponge, the spicules of 
which occur in immense numbers on the surface of the graphitic 
shales of the Upper Laurentian rocks of St. John, N. B. 

The importance and interest of these venerable fossils it is diffi- 
cult to overestimate. If sponges and Foraninifera have come 
down to us from the Upper Laurentian rocks there is less reason 
to be sceptical regarding the organic nature of fiozoon, if the 
Archajan seas were tenanted by such creatures we may yet hope 
one day to have a fauna and flora of reasonable abundance from 
these old and crystalline limestones and their metamorphosed 
shales. We can no longer say that Eozoon stands alone a soli- 
tary relic, and scepticism on this ground has no longer any logical 
standing-place. 

There remains, however, still unsettled the question of the 

age of this ** Upper Laurentian," or so called Archaean. Ilecent 

studies in the * 'Archaean" in the United States have shown that 

much of the limestone and quartzite, which by geologists thirty 

and forty years ago, were placed in the * 'Laurentian, " or more 

frequently in the "Upper Laurentian, " belong in the primordial 

zone. This evidence is not only stratigraphic, but is also pal- 

eontologic. On this recourse the opponents of the Eozoon may 

still object to its Archaean age, if not to its assumed organic 
origin. 

REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Geological Sumey of JfUfiouri, Aktuitr Winslow, state geologist. 
Bulletin No. 5 contains: The age and origin of the crystalline rocks of 
Missouri, Erasmus Haworth, and Notes on the clays and building-stones 
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of certain western-central counties tributary to Kansas City, G. E. Ladd. 
Mr. Haworth apparently reverses at once the prevalent idea of the origin 

of the crystalline rocks ofMissouri. Formerly Prof. Pumpelly had repre- 
sented them as largely or wholly derived from sediments, and Swallow 
had only admitted the granites and the porphyries to be eruptive. 31 r. 
Haworth notes in the Held the following evidences of their eruptive 
origin, (1) absence of true bedding, (2) flow and banded stnicture and 
lithophysiB, (3) breccia, (4) scoria and amygdalcids, (5) tuffs, (6) absence 
of gradation of crystalline into non -crystalline rock. The petrographic 
evidence he discusses under the following divisions, (1) texture of the 
ground mass in the porphyries and breccias, (2) flow structure in the 
porphyries and breccias, (3) broken crystals due to flowage of the lava 
after the crystals were formed, (4) Magmatic corrosion of porphyritic 
crystals and of fragments in the breccia, (5) amygdaloids, (6) absence of 
metamorphic minerals. 

The rocks, taken together, he accepts as "Archean," but he does not 
define Archean. When it be remembered that "Archean" has been made, 
very generally, until quite recently, to embrace all crystalline rocks below 
the Lower Silurian, but that there is a complex of primordial crystallines, 
as lately demonstrated in Minnesota and New Jersey, which has an im- 
portant bearing on the limits of the true Archean, it would have been 
well if Mr. Haworth had gone a step further, if possible, and indicated 
whether it is not likely that the crystalline rocks about Pilot Knob belong 
to the crystallines of Taconic age. Tlieir lithology seems to exclude 
them from the true Archean, and to point to the Labradorian, or erup- 
tive age of the Taconic. 

Denrtriptions of Four Neie Species of FosHhfrom the Silunan Jiorktt of 
The Southeastern Portion of the District of Suskatchfiican. By J. F. 
WiUTEAVES. This small pamphlet of ten pages and one plate is re- 
printed from Tlie Canadian JieMrd of Science, April, 1891. The fossils 
described were discovered by 3tr. J. B. Tyrrell while making explora- 
tions for the Geological Survey of Canada. The localities are on Cedar 
lake and on the Saskatchewan river below Cedar lake. The horizon is 
Upper Silurian. The species are Strophomena acnnth<tptern^ Pcnfattterun 
decus^atuSf Gomphoceras parnUum^ and Acidaspis perarnuita. 

Contributions to Canadian Micro-palceontohgy. Part TIT. By I*noF. T. 
Rupert Jones, F. R. S., F. G. S. The sub-title of this paper, On some 
Ontracoda from the C a mhro- Silurian, Silurian and Deconian Rock's^ fully 
expresses its scope and object. There are forty- one pages of text and 
four plates. 

lAiboratory Practice^ a scriea of experiments on the fundamental principles 
of cJiemistry. A companion volume to "The New Chemistry." By Jostah 
Parsons Cooke, LL.D. 12 mo, 192 pp., 1891, D. Appleton & Co., New York. 

This little book is what it purports to be; the chemical principles are 
demonstrated by simple experiments, and during their performance 
exact observation and careful noting of all phenomena are inculcated. 
There are first several experiments with water, demonstrating its density, 
expansion by heat and by freezing, its distillation, conductivity of heat» 
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Its latent heat, its conversion to steam, its solvent power and its action 
as a chemical agent and compound. Air is then taken as an example 
of aeriform matter, and the student is put through various experiments^ 
under the guidance of an instructor to show the weight of air, its relation 
of vol^ime to pressure (Law of Mariotte), its expansion, and tension in 
relation to heat and to its content of aqueous vapor. Oxygen, hydrogen, 
sulphur and indeed all the common elements are thus analyzed, together 
with their combinations, their properties discovered, or demonstrated, 
and made familiar by repeated operations and accompanying questions 
which present the substances in different lights. Thus all the funda- 
mental principles also of molecular and atomic weights and their calcu- 
lation are illustrated. This leads on to chemical symbols and notation 
and quantivalent expressions. The beginner who conscientiously pur- 
sues the course marked out cannot fail to become grounded thoroughly 
in the fundamental principles of chemistry, and he mmt conceive a sin- 
cere love for the science and a reverence for the constancy of nature's- 
law^s, if not for the simplicity with which they may be demonstrated. 

Report on th^ geology of the four counties^ Union, Snyder, Mifflin and 
Juniata, with descriptions of the fossil ore mines, Marcellus carbonate 
ore mines, Oriskany glass sand mines and Lewistowii limestone quarries; 
illustrated by two colored geological maps. E. V. D'Invilijbbs. Re- 
port F„ of the Second Geological Survey of Pennsylvania; a report of 
progress, 420 pp., 1888-1889. Harrisburg, 1891. 

This adds another valuable number to that large series of publications 
devoted to the detailed description of the counties of Pennsylvania. 
The accompanying maps show that the area described is one of tht^ 
most complicated in the Appalachian region of the state. Mr. D'lnvil- 
liers has wrought patiently and well, and has put his results simply yet 
clearly and compactly^ into print. The volume will bear with important 
testimony on the correlations which yet have to be made of the forma- 
tions of the state, whether between those of New York or Virginia and 
those of Pennsylvania, or those of Pennsylvania within the limits of 
Pennsylvania. It is an important and a great service yet due to geology 
in America, that the elaborate survey that has been carried on in Penn- 
sylvania for so many years under Dr. Lesley, shall be rounded out with a 
final report, showing some symmetry and general conclusions. The re- 
ports printed otherwise will fail of much of the good which their cost 
seems to warrant us to expect from them. We judge from Mr. Lesley's 
letter of transmittal that such a report is in preparation. 

On some neio fishes from South Dakota, E. D. Cope (Am. Naturalist,. 
July, 1891, pp. 664-58). Five new species are described, O.phyrura eon- 
eentriea, f Sardinius blaekbumii, Proballostomvs longulus, Oligoplarchus 
squamipinnis and Mioplosus multidentatus. Mr. Cope regards their 
characters sufiicient to exclude them from the Cretaceous. Their age is> 
Cenozoic,but whether Eocene or Neocene is uncertain. The rock is soft 
and chalky, and the fossils are from the Kee hills. 

On a new horizon in the St. John Group, G. F. Matthew (Canadiani 
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Record of Science, Oct., 1891, pp. 1^9-18). By the aid of Mr. G. Stead, 
Prof. Matthews has found, on Navy island, in St. John harlK>ur, abun- 
dant specimens of Dictyonema flabelliforme, in black shales of Divisioa 
three (Bretonian) of his St. John group. The Tremadoc fauna, however, 
which is near the same horizon, is thought not to be on the island/ but to 
the north of it, in the channel of St. John river. Associated with Dicty- 
onema he found also the brachiopods Obolus, somewhat like O. apollonis, 
Obolells, Llnnarssonia and a Lingula or Linguella. 

The Story of the Hills^ a hook about mountains for general readers. Rbv. 
II. N. Hutchinson, 12mo, pp. 357, Macmillan & Co., New York and Lon- 
don, 1892. Although this is a popular work it is based on a thorough 
knowledge of the geology of the subject. It illustrates how vastly the 
popular science of the day is improved over that of a century ago. In- 
deed the work here put forth as adapted to general readers would have 
been welcomed then as an addition to technical, or at least to philosoph 
leal geology. It embodies in a pleasant style much of the philosophy of 
the formation, age, erosion and uses of mountains, volcanoes, glaciers, 
sedimentation, pressure and upheaval. 

Correlation Papers of the U. 8. Geftlogical Surtet/; Devonian and Carbon- 
iferous, H. S. Williams, Bulletin No. 80, Washington, 1891. 

In his consideration of the Devonian and Carboniferous rocks profes- 
sor Williams discusses several problems connected with the subject, 
after he has given a general review of the literature. He examines in 
considerable detail the state of opinion regarding classification and 
nomenclature from the beginning of the century up to 1851. The Wer- 
oerian system, based upon mineralogical characters, long retarded the 
advance of geological knowledge, and it was only after the completion 
of the report of the geological survey of New York that the science 
advanced with any rapidity. The New York geologists, following 
the methods of Sedgwick and Murchison, finally gave to the world the 
^* New York system," which, although somewhat defective, established 
a standard for the rocks of this country. 

Prof. Williams advocates the separation of the study of the geologist 
and the paleontologist; he believes the work of the former should be 
to carefully observe the characters of the formations, describe their 
various features, preserve their fossils and so arrange his observations 
that **distinct association will be found in the name applied to each 
formation with the observations actually made in the field. The refer- 
erence," he says, **of each particular formation to a place in some stand- 
ard scale should not be made without careful study. This careful study 
cannot be made independently of the fossils, for fossil! ferous rocks, and 
in order that the paleontologist may make his studies without prejudice, 
the names of the formations, their localities, and their petrographic 
characters should be described and recorded, quite independently of the 
fossils which they contain." (p 55.) 

The use of the term ** New York system" is argued against inasmuch 
as it is considered an imperfect division of geological time. He advo- 
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■«ates tlie addition of tlie Coal Measures of Pennsylvania, and then a 
natural group of the first order would be produced, nearly equal to the 
Paleozoic era. "Were we to adopt for this grand terrane the name Ap^- 
lacHUan group, we should have a properly constituted name for an actual, 
•existing geologic group, free from theory, and its use would probably 
•assist in the progress of science." (p 60.) He would discard certain 
lithological names still used in classifications, as age can never be de- 
termined by lithological characters. '*It can be indicated only by that 
which changes with time under the infiuence of some definite law, 
and fossils alone have this value.*' 

In addition to his disbelief in the value of lithological features in 
•determining the age of roclcs, Prof. Williams has but little faith in what 
is called "persistent parallelism of strata,^' without the aid of fossils. He 
points out several erroneous correlations made by this "parallelism." 
One of these was by Hall who, claiming he had traced the roclcs step by 
step from New York to the Mississippi valley, stated that the Waverly 
sandstone of Ohio was the same as the Chemung and Portage groups of 
New York. (p. 63.) Other mistakes were made by the geologists of the 
Second Pennsylvania Survey, who, assuming an average direction and 
Tate of dip, identified formations by their altitude. The outcrops were 
followed from ravine to ravine or from quarry to quarrj', and though the 
-same method was pursued by both Mr. White and Mr. Carll, when the 
ocorrelations reached Chautauqua county it was found that Mr.White cor 
related the Panama conglomerate with the third oil sand of Venango 
•county, while Carll placed it entirely below the Venango oil group. Prof 
Williams says : 

"The fact seems to be, as we review the records of the survey, that the 
•data of lithologic character of rocks and of thickness of the deposits 
were so constantly variable that the theory of persistent parallelism of 
•strata' was little more than a theory, the exceptions to which were as 
numerous as the illustrations. It was a cut-and-try system of match 
ing together innumerable sections made up of irregular combinations 
-of shales, sandstones, conglomerates, and limestones of various color, 
thickness, and texture. Whenever the gaps were over a mile or two 
long the adjustment of the theoretical dip, a few feet more or less to the 
mile, would enable the parallelism to fit any particular stratum in a 
given section. The fact that those who showed evidence of having 
noted the fossils, although they may not have identified them, were 
invariably nearer right than those who neglected them, strengthens the 
belief that the fossils, even in this case, were the most valuable means of 
-correlation.'' (pp 111-112.) 

Among the various problems discussed we And the differentiation of 
the Carboniferous system : the Coal Measures or Pennsylvanian series: 
the Lower Carboniferous of the Appalachians and of the Mississippi 
valley: the Chemung-Catskill problem: the Waverly problem: and the 
Permian problem. The use of the name "Carboniferous" is considered 
<unfortunate, and Prof. Williams advocates its abandonment in favor of 
the "Pennine system," inasmuch as it is in the Pennine chain of hills 
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that the typical Carboniferous section is found, (p. 81.) Tlw limits of 
the system here are well defined both above and below, but in other 
places it shades off into the Devonian below or the Permian above. In 
these cases an arbitrary line must l>e drawn to indicate the limits of each. 
Again in the discussion of the Lower Carboniferous strata of the 
Mississippi valley, it is proposed to use the term MisHissippian series in 
place of the old name Suljcarboniferous, upon the ground that the old 
name is inappropriate, and was ^ introduced as an expression of confusr 
ion and dissatisfaction with the correlations attempted." (p. 142.) This 
is a slight modification of the late Dr. WinchelPs term Mississippi, ap- 
plied by him to the same series of strata. American geologists have 
not hitherto fallen in with the recommendation, and they may be slow 
to follow Prof. Williams in both of these proposed changes. The 
scheme proposed for the 8ul)carboniferous rocks of the Mississippi 
valley is as follows: 

I \ CheHter. 

(•enevleve (J roup.. - St. Lonii<. 

I Warsaw (in part). 



MlHKIHHlPPIAN 

SeriPH. 
I SiilK*ar1x)niferoui*. ! 



J <>«.«.. (iroup ; S,';?,l;;^„. 

^ (Chouteau lini»»-Htone and th« "Venn- 
rhoiitcaii Groiii)... icular" and "Lithographic"* fomiatiouH 

i of Broadhoad. 



In the chapter on the Permian problem the conclusion is reached that 
as far as the stnita of Kansas and Nebraska are concerned there is no 
Permian system, tlio passage from the Coal Measures being gradual and 
not abrupt. The application of the term is here considered purely artific- 
ial, and induced by those who sought to force a correlation between the 
rocks of Europe and America. As for the Permian ranking as a separate 
system he says it is still an open question, *^and bids fair to continue so 
until a natural method of classification for the time-scale be devised, 
which shall be independent of the lithologic character of the rocks." (p. 

209.) 

The general r#* marks and conclusions are well worthy of careful pe- 
rusal. That to paleontology is given the first place in all correlations is 
evident throughout the work. We have already shown his opinion of 
the theory of "persistent parallelism of strata" and It is reiterated on page 
263. IJere, also, he refers to the value of fossils, correlations by their 
aid being Ijased upon actual evidence, which can be corrected by a criti- 
cal review; while the particular form of an}' organic structure is consid- 
ered determined by heredity and environment. "Hence we may deduce 
the law that, given the locality and the conditions of environment, the 
fossil has in Itself the evidence of its geologic age." (p. 263.) In the 
Mississippian province he advo<*ate8 a structural and a time scale of for- 
mations. From the first point of view there should be an increase in the 
number of formations: while from the paleontological standpoint the 
classification is too minute and the number of formation should be re- 
duced. 

A new feature is introduced in the consideration of geographical 

features as modifying geological clasHifioation, but it is not elaborated to* 



:aDy extent. It having been demonstrated that classification cannot be 
based upon the uniformity of lithological constitution, and that uni- 
formity of stratigraphy cannot be relied upon for correlations "the 
modem school of paleontologists are demonstrating the fact that the 
•divisional lines marking the biologic or time scale do not correspond to 
those of the structural or stratigraphic scale, but are determined by in- 
dependent factors. In tlie classification of rockf.irmations the character 
of the formations should receive chief consideration, but the particular 
geologic period in which the sediments are deposited has practically no 
relation to the nature of the sediments or their amount or their physical 
arrangement as geologic deposits. It is, hence, a grave question 
whether the development of our science does not demand that geo- 
graphic factors should take precedence of time factors in all classi- 
fications of geologic formations.*' (p. 267.) 

The standpoint of the new school of paleontologists of which professor 
Williams is an able exponent, is summed up in the concluding para- 
graph of the Bulletin . According to the Darwinian idea of species, as 
-opposed to the Cuverian, "the modification of organic form is conceived 
as not an arbitrar>' matter, but as correlated with difference of envi- 
ronment and of genetic relationship, so that the lesser variations of 
specific form are of as great value to the modern paleontologist for pur- 
poses of correlation as is the identity of species. Comparison of allied 
species in the same genus exhibits to him the rate and direction of 
modification taking place in the genetic history of the genus, and in the 
plastic or variable characters he finds a sensitive indicator of the stage 
of development attained by the race when the particular individual lived. 
Biological study shows him that the fossils must contain intrinsic 
evidence of their geologic age independent of the formations in which 
they were buried, and his chief work is to learn what this evidence is and 
how to interpret it. To such evidence the final appeal must be made in 
all cases of the correlation of geologic formations.'* (p 209.) 

Taken as a whole the BulSetin under review cannot but be regarded 
as a valuable contribution to the philosophy of geology; and while some 
of the conclusions of the author may not meet with the approval of 
all, they at least merit consideration. Some portions of the volume show 
signs of haste in preparation; and it w^ould have been a valuable addi- 
tion had there been given a list of the books and papers consulted or re- 
ferred to in the course of preparation of the Bulletin. 
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I. State and Ooternnient ReportH, 

Annual Report of the Geological Survey of Arkansas, 1888. Vol. IV. 
Part I. Geology of Washington County; Part II. List of the Plants of 
Arkansas. 

Ditto, 1890. Vol.1. Manganese: Its Uses, Ores, and Deposits. By 
U. A. F. Penrose, Jr. 
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Annual Keport of the Geological and Natural History Survey of Can- 
ada. Vol. IV. (N. S.) 1888-89. 

II. ProceedtJiffif of Sarntiji^^ Societies. 

Proceedings of the Academy of Natural Sciences of Philadelphia^ 
1891. Part II, April-August, contains: Echinoderms and Arthropods 
from Japan, by J. E. Ives; Notice of Some Entozoa, by Joseph Leidy; 
Note on Mesozoic Mammalia, by O. C. Marsh: Fossil Faunas in Central 
Iowa, by Charles R. Keyes; On Paramelaconite and the Associated 
Minerals, by G. A. Koenig; Echinoderms from the Bahama Islands, hy 
J. E. Ives; Memoir of Joseph Leidy, by H. C. Chapman; MoUusca from 
Nantucket, Mass., by H. A. Pilsbry; Geological Features of the Meteoric 
Iron Locality in Arizona, by A. E. Foote. 

III. Paperif in Seientiji^i Journals, 

Am. Jour. Sci Aug. Xo. contains: Some features of the non-volcanic 
ejections as illustrated in the four ** rocks" of the New Haven region,. 
West Rock, Pine Rock, Mill Rock and East Rock, James D. Dana; 
Notes of a Reconnaissance of the Ouachita mountain system in In- 
dian Territory, Robt. T. Hill; Note on the asphaltum of Utah aod Colo- 
rado, by Geo. H. Stone; A gold-bearing hot spring deposit, Walter H. 
Weed; Restoration of Stegosaurus, O. C. Marsh. 

S^t. No. contains: Pleistocene fluvial planes of western Pennsyl- 
vania, Frank Leverett; Genesis of iron ores by Isomorphous and Pseud- 
omorphous replacement of Limestone, etc., James P. Kimball; Constitu- 
tion of certain micas, vermiculites and chlorites, Clarke and Schneider^ 
A further note on the age of the Orange Sands, R. D. Salisbury; Note on 
the causes of the variations of the magnetic needle, Frank H. Bigelow; 
Notice of new vertebrate fossils, O. C. Marsh. 

Geol. Mag. August No. contains: Glacial geology, G. W. Buiman; The 
Pleistocene beds of Gozo, J. H. Cooke; On orthoceratites vagioatus Mihth.,. 
Arthur H. Foord; Physical studies of an ancient estuary, A. Irving; On 
the British earthquakes of 1889, C. Davison; The age of the Himalayas,^ 
W. T. Blanford. Sept, No, contains: Restoration of Stegosaurus, O. C. 
Marsh; The Scandinavian glacier and some inferences derived from it, 
T. F. Jamison; Transverse valleys in the eastern Caucasus, Hjalmar 
Sjogren; On the sands and gravels in the boulder-clay, G. W. Buiman; Re- 
cent geological investigations in the Salt range, India, A. B. Wynne; 
liock specimens from Kimberly, Prof. Bonuey and Miss U. A. Raisin, 
with a note by T. Rupert Jones; Glacial mound in Glen Frain, Dugald 
Bell. Ort. Xo, contains: On the origin of concretions in magnesian 
limestone, E. J. Garwood; Elevation of the American Cordillera, H. H. 
Iloworth; On the British earthquakes of 1890, C. Davison; On the lower 
(Ireensand and Purbeck beds, P. B. Brodie; The lower Greensand or 
Vectian in Dorset, A. J. Jukes-Browne; On color-bands in Waldhcimia 
perforata, Edw. Wilson; Note on the Coniston Flags, W. M. Hutchins. 
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Thk MiDDi.ETON Formation of Tennessee, Mississippi and Ala- 
bama; WITH A NOTE ON THE FORMATIONS AT LaG RANGE, TENNESSEE. 

The party of geologists, spoken of on page 403, Vol. VIII, of this jour- 
nal, stopped in their travels, for a couple of days, at Oxford, the site of 
the University of Mississippi. The chief object was to inspect the fos- 
sil plants, collected in Mississippi and now in the museum of the Uni- 
versity. While there, observing, with the other members of the party, 
the many interesting specimens, I happened upon a lot of peculiar rock 
fragments, containing casts of fossils, which had a very familiar look 
and which I thought must have come from some one of certain locali- 
ties in Tennessee. I at once called Dr. Hilgard*s attention to them. 
"No," he says, "they are from the Reeve's locality in Tippah county of 
this state, and from the 'clay sandstone' found there." He then referred 
us to page 112 of his "Agriculture and Geology of Mississippi," where a 
section of the rocks at Reeve's is given. "The clay sandstone is No. 2 of 
the section and from this the rock-fragments in question came^" Dr. 
Bug. Smith, who was standing near, recalled the fact that the same rock 
occurs in Alabama. 

All this was a revelation to me. I had known the rock for many years- 
in Tennessee, and did not know of its occurrence elsewhere. With us, 
it is found at a number of localities. One is on the Memphis & Charles- 
ton railroad, at Mlddleton, in Hardeman county. An extensive outcrop 
of the rock is seen along the Bolivar and Purdy dirt road. It begins 
about eight miles from Bolivar and extends easterly two miles, or there- 
abouts, and nearly to Wade's creek, llils is also in Hardeman county, 
through which county, indeed, the formation outcrops in a belt running 
north-northeasterly and south-southwesterly. 

The rock referred to, is one of the most characteristic of a group of 
layers. It is about two feet thick, a sort of conglomerate, consisting of 
lumpy clay mixed with sand, and more or less consolidated into a bluish 
gray mottled mass. It contains also green, glauconitic grains and casts 
of fossils. Dr. tlilgard, in the section referred to, speaks of it as "clay- 
sandstone, spotted blue and yellow, with green grain dots." The fossils 
he mentions as occurring in it are ^^Yenericardia planiMBta, Gardium 
niciolletif Troehus, Ostrea, etc^ 

The particular rock described is one of a group, or formation, which 
is evidently the lowest division of the Eocene of this region. 

From the interest attached to this group and the vei^' considerable 
extension it proves to have, it deserves a distinct name. Drs. Hilgard and 
Smith approving, I have named it the MiddUton formation from the 
name of the town where its outcrop is intersected by the Memphis and 
Charleston railroad. 

Immediately to the east of the formation, in Tennessee, lie the Cre- 
taceous (Ripley) beds, while to the west are the Flatwoods (Porter's 
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Creek) clays. The formation will be further considered and reported 
upon hereafter. 

Another plaice visited by the party mentioned above, was the noted 
La Grange locality in Fayette county, Tennessee. Those of the party 
visiting this point, in addition to the gentlemen already referred to, 
were Messrs. McGee, Ward, Hill and Holmes. All were much interested 
in the great display presented here. La Grange is located on the edge 
of a high table-land. Immediately to the south of the town, this table- 
land breaks away in a steep, bold escarpment down to the bottom-lands 
of Wolf river. The washes along the old roads leading from the town 
down the escarpment have displayed in grand sections the strata of the 
region. 

The Lafayette (Orange Sand) formation makes up by far most of the 
slopes. At the base of the slopes, come in a group of laminated sands 
and clays, with shelly, siliceous shales and sandstones containing leaves, 
which it was agreed pertain to the La Grange formation. At the top of 
the slopes and sections, making the floor of the table-land and resting 
upon the Lafayette, is the "Yellow loam," a division of Mr. McGee*8 
Columbian formation. 

I add^that the La Grange formation, which is so low in the sections at 
La Grange, rises, at points in Fayette and adjacent counties, to much 
higher levels, even appearing and outcropping, now and then, at the 
surface of the table-lands. The La Grange had an uneven, more or less 
•eroded, surface upon which the sands of the Lafayette were deposited. 

James M. Safforik 

Vanderhilt Unirer^ity,, Nashnlle^ Tenn. 



BlULIOGllArilY UNDERTAKEN BY THE InTEHNATIONAL CoNGUESS OF 

-Gkolooibtp. — Mr. G. K. Gilbert communicates to the Geologist the 
following letter from Mr. Em. de Margerie, Secretary of the Interna- 
tional Committee on the Bibliography of Geology. It sets forth the 
organization and plans of the Committee. Geologists residing in North 
America who have prepared or are preparing bibliographies of any por- 
tion of the literature of geology, are requested to communicate with Mr. 
Gilbert (address: G. K. Gilbert, U. S. Geological Survey, Washing- 
ton, D. C^) 

Inteknational Conouess of Geologists: Committee on the Biblio- 

ouapVy of Geology. 

Paris, Rue de Greneile 132, Nov. 20, 1891. 
Sir: At the meeting of Tuesday, September 1, 1801, the International 
Congress of Geologists, assembled at Washington, on motion of Messrs. 
H. S. Williams and de Margerie, appointed a permanent international 
oommittee charged with the duty of centralizing the information relat- 
ing to geologic bibliography. This committee, which is authorized to 
.add to itself new members in unlimited numbers, comprises at present 
Messrs. Freeh (Germany), Gilbert (North America), Golliez (Switzer- 
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land), Gregory (England), de Margerle (France), Keusch (Scandinavia), 
Steinmann (South America), TscliemyBchew (Russia), Tietze (Austria- 
Hungary), and Van den Broeck (Belgium). 

The end to be attained is threefold: (1) to prepare a list of the geologic 
bibliographies already in existence; (2) to prepare an inventory of those 
parts of geologic literature, which have not as yet been the subject of 
such methodic abstracting, in order to prepare the way for undertakingi 
comprehensively, the retrospective bibliography of the science; and 
(3) to proceed to the periodic registration of its current bibliography. 

The first meeting of the committee took place during the excursion to 
the Rocky Mountains. The following are its minutes: 

"The International Committee on the Bibliography of Geology met 
September 30, at 8 o'clock in the evening, in one of the cars of the 
special excursion train, between Manitoa and Denver (Colorado). 
Present, Messrs. Freeh, Gilbert, de Margerie, Reusch, Steinmann, 
Tschemyschew, Tietze and Van den Broeck. Prof. H. S. Williams also 
was present at the meeting. 

"Mr. Gilbert was by acclamation elected President of the Committee, 
and Mr. de Margerie, Secretary. Mr. de Margerie will take charge of 
the correspondence for Europe, and undertakes to transmit to Mr. Gil- 
bert all the documents Intended for printing. 

"In regard to retrospective bibliography, Mr. Golliez announced to 
the committee that the Geological Survey of Switzerland, is preparing 
a geologic bibliography of Switzerland, which it will probably take 
several years to complete. Mr. Tschemyschew announced the existence 
of a catalogue of the same nature on the North of Russia, as yet un- 
published, of which he is the author. Finally, Mr. Van den Broeck 
called attention to the general bibliography of Belccium, which is to 
comprise a list of all documents relating to the geology of that country 
published in the course of the 10th century. 

"After a short discussion, the committee decided to confine its efforts 
for the time being, to the preparation of a list of the partial geologic 
bibliographies already in existence. Each member of the committee is 
to perform that part of the work which relates to the country he repre- 
sents. For Spain, Italy and Portugal, which countries sent no represen- 
tatives to Washington, the committee will address itself to the directors 
of the geological surveys of these three states. Mr. Tietze agrees to 
take charge of the bibliography of the Balkans, and Mr. de Margerie 
will try to fill out any gaps that may exist in the collection of documents 
gathered by the various members of the committee as regards Asia, 
Africa and Oceanica. The manuscripts must be sent to the Secretary 
before Easter, 1892, in order to be printed with the proceedings of the 
Washington meeting. 

'*The projected list will comprise the detailed titles of works entering 
into the following categories: 

"(1) Regional or local bibliographies. (Examples: Geologic Bibliography 
of Italy; Geological bibliography of the counties of England, by Whitaker; 
Catalogue of the publications of the American surveys, by Prime.) 
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"(2) Systematic bibliographies, that is to say, relating to a defined group 
of facts, (e. g. Bibliography of the various classes of rocks, inserted 
in Rosenbusch^s Petrography;* Bibliography of the upper Jurassic, by 
Neumayr; glaciers, volcanoes, etc.) 

"(3) Personal bibliographies, (Catalogues of the geologic publications 
of one author, like those that often accompany necrologic notices; 
Royal Society's catalogues of scientific papers, etc.) 

"(4) Catalogues of geologic maps, (e. g. Mapoteca geologica Ameri- 
cana, by Marcou.) 

"(5) Anniial geologic bibliographies either general (e. g. Geological 
Record: Revue de geologic, by Delesse and de Lapparent; Annuaire 
geologique, by Dagincourt), or special (e. g. Revue geol. Suisse, by E. 
Favre and Schardt; Bibliotheque geologique de la Russie, by Nikltin; 
Record of American Geology, by Darton.) 

" (6) General tables of special periodicals or series, (e. g. the Reperto- 
rium to the Neues Jahrbuch fur Mineralogie; Index to the publications 
of the Geological Society of London, by Omerod; Table of Paleonto- 
graphica; List of the geological maps published in the Quarterly Jour- 
nal, by R. Bliss.) 

"(7) Printed catalog lus of special libraries, (e. g. Catalogue of the 
library of the Geological Society of London. Catalogue of geologic 
works found in the libraries of Belgium, by Dewalque.) 

**Ab regards the scope to be given to the work, the committee thinks 
proper for the present to exclude all documents of purely mineralogie 
or paleontologic nature; on the other hand, information relating to 
petrography, physical geography, applied geology, mineral waters and 
prehistoric archeology will be included. For the rest, full latitude is 
left in this respect to the collaborators, the editor being empowered to 
extend or abridge manuscripts with a view of securing proper uniform- 
ity in publication. 

''Important manuscript bibliographies, the existeilce of which may be 
known to the members of the committee, are to be indicated in the 
proper places, stating name and address of author. 

"The publication will be in French, but manuscripts may be prepared 
in the language of the country whence they come, to be translated after- 
ward under the direction of the editor. 

"Titles must always be given in the language of the original publica- 
tion; they will not be followed by a French translation except in case 
they belong to a language other than English, German, Italian or Span- 
ish. The indication of the author's name, place of publication (with 
the publisher's name in the case of a separate work), date, size and 
number of pages, shall be as exact and detailed as possible; furthermore 
it is desired to have stated the approximate number of entries contained 
in each bibliography, adding summary information regarding its nature, 
such as: 'Alphabetic catalogue by authors' names; Catalogue classified 
by order of dates; Simple list of titles; Each article is followed by a re- 
sume; The Qumber of plates Is not given; etc' The limiting dates of 
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the publications catalogued in tlie bibliographies are also to be noted, 
(e. g. 1802 to 1888.) 

"In case a bibliography bears no printed title, which often happens 
with such as are appended to special works or memoirs, it will be proper 
to define its subject by means of a phrase in brackets: [....]» giving after 
this the complete title of the document in which the bibliography is 
comprised. 

"Publications which, without pretending to take the form of a methodic 
bibliography, contain the detailed history of the study of a question of 
general interest or of a country, are to be mentioned. 

"In order to facilitate the final classification of subjects for the pur- 
pose of printing, the collaborators are requested to prepare their work 
on separate slips." The Secretary, 

' Emm. db Makoerie. 

To Mr, G, K. Oilberf, Member of the Committee for North Amerim. 



PERSONAL AND SCIENTIFIC NEWS. 



Prehistoric Horses. — The genealogy of the horse has been 
most admirably worked out in various publications, and the fact 
iias long been established that the genus originated on the North 
American continent. The question, however, as to whether pre- 
historic man in America had the horse as a contemporar}' has 
l)een a disputed point. This question may now be considered set 
at rest by the discovery of a skull of an extinct species of horse 
in strata with human implements. 

This discovery was announced by Prof. E. D. Cope at the last 
•annual meeting of the American Association for the Advance- 
ment of Science. A skull of a horse was exhibited to the mem- 
bers by Prof. Cope, who pointed out the characters of the teeth 
and who stated it would be impossible for any one to separate 
the fossil teeth from those of the quagga and zebra if the three 
were all thrown together. In minor characters, such as those of 
the size of the bones, the differences are preceptible. So there is 
no doubt the skull represents an animal different from an}' now 
living. That it was a horse, however, any one could see. 

The most curious thing alx)ut the skull was its condition. The 
frontal bone had been crushed in exactly as we see in the case of 
animals slaughtered for food. The friable bones protecting the 
eye sockets were intact, as were also the long nasal bones. 
Found in the same bed with the skull was a stone hammer that 
bore evident marks of having been fashioned by the hand of man. 

What inference was to be drawn from this? In the first place 
it has been suspected and considered probable that early man on 
this continent had been contemporaneous with a horse, though 
not the present living species, but no direct proof had hitherto 
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been found. When Europeans landed on the new continent the 
horse was an unknown animal to the natives. So it had evidently 
long been extinct. 

All the horses now found in either North or South America came 
from stock originally brought over by Europeans. But hero 
we have evidence in the association of a human implement and a 
liorse's skull that man and horse had lived together, and the 
peculiar fracture of the skull of the latter leads to the belief that 
the animal had met its death at the hands of man. 

This fact opens several questions. What became of the race 
of horses that once lived on the continent? Were they exterm- 
inated by savage man as civilized man has exterminated the 
bison? Did they once serve as beasts of burden or were they 
used only as food? Were they wild or domesticated? 

It seems probable that they were not used for any other pur- 
pose than as food, and that they existed only in a wild state, for 
it is scarcely reasonable to suppose that having once been used by 
man and so domesticated their use would ever have been forgotten 
or the breed allowed to die out. Neither is it probable that they 
w^ere exterminated solely by the agency of contemporaneous man, 
for we know that in spite of the use of the bison by^ the Indians of 
North America their numbers did not decrease to any great ex- 
tent. It was only when civilized man began his destructive work 
that the bison began to disappear. 

What then was the cause of the disappearance of the horse? 
If it were demonstrated that this early horse existed prior to the 
ice-age his disappearance might be attributed reasonably to the 
cold that prevailed, or to some of the attendant conditions. 
While Dr. Cope considers the <*Equus beds" as of Tertiary age, 
Messrs, Gilbert, Russell and McGee have given much evidence 
that they are middle or late Quaternary. The co-ordination of the 
strata of the southern states with the drift sheet of the northern 
has not yet been elucidated. The early Pleistocene was connected 
hy a link which has not yet been discovered, with the latest 
Pliocene. Whether that link consisted largely of the advent of 
the ice-age, or the outburst of the Quaternary eruptive forces that 
characterize this date in the western and Pacific states, or both of 
these cotemporaneously, it is evident that it was marked by great 
physical changes such that the habitability of the country b}' 
many of the larger mammals was destroj'ed. 

Mr. Cope has given a description of this skull in the October 
number of tlie Americau NnturdliKt. He considers it Equus 
excelsint Leidy,and remarks that it is the first that has come to light 
in the United States. 

The Spanish Government has determined to hold a his- 
torical and archjeological international exhibition next year, and 
especially honors the United States by its invitation and applica- 
tion for aid. The Spanish exposition will in no wise compromise 
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the success of the great Chicago world's fair of the following 
year. On the contrary the more perfect the first display, the bet- 
ter will the departments of archaeology and history be represented 
at our own ; for the Spanish government has generously proposed 
to transfer a large part of its treasures to our buildings during 
the six months which intervene between the closing of the one 
and the opening of the other. All persons having collections of 
archaeological, ethnological (mumismatic), or historical material 
connected with the history of this country both before the dis- 
covery and after the discovery, up to 1750, are urgently invited 
to loan it under the safe guarantees offered l)y the circular of the 
Spanish government, forwhich apply to Seiior Campillo, Sec'y of 
the Spanish legation at Washington. 

It appears that geological frauds are not confined to this 
country, as the following extract from a late number of Nature 
proves. * * A notice which will be read with interest by all owners 
of gems, has been issued by Dr. A. Brezina, of the Natural His- 
tory Museum of Vienna. It relates to the doings of a young 
man who on September 26 contrived to conceal himself in tlie 
department just before the time for the closing of the Museum. 
He was caught and found to be armed with a revolver, and to 
have in his x)ossession files and other implements. He had also 
in his possession nearly 600 gems, some of them cut, but the 
majority in their natural state. He has a passport, in which he is 
described as Hugo Kahn, of Berlin, but he has also called himself 
Krony, Kronek, Kornak and Kronicsalsky. His age is 24, he 
measures in hight 170 cm., he is slender, has a longish handsome 
face, is of a brownish complexion, has dark hair, grey eyes and a 
light brown beard, of feeble growth. Uix)n the whole he is an 
attractive looking person. He has made several journeys in Ger- 
many, France, Switzerland and Italy ; and between the middle of 
last July and the beginning of September he travelled through 
Pyrmont, Ems, Strassbourg, Basel, Milan, Genoa, Nice, Monaco, 
Genoa and Venice to Vienna. Most of the gems (the names of 
which with the exception of a rock-crystal, he does not know), 
he professes to have bought from a barber in Marseilles. As it is 
important that the former owners should be known, Dr. Brezina 
prints a list of the gems, with a request that any one who has in- 
formation about them will communicate with him." Evidently 
thts man is not nearly so finished and thorough-going a scamp as 
the one lately exhibited in the rogue's gallery of the Geologist. 
The narrative given above well illustrates the danger to which all 
costly and valuable collections are exposed, when they are opened 
to the public, and the necessity of the utmost vigilance for their 
protection. 

The late De. P. Herbert Carpenter was the fourth son of 
the late Dr. W. B. Carpenter, C. B., F. R. S. He was found dead 
in his dressing-room on Oct. 21. At the inquest it was found 
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that he had killed himself by the administration of chloroform 
during temporar}' insanity. Dr. Carpenter had been Science- 
master at Eton since 1877. The Times gives the following ac- 
count of his scientific work : < ' He was a member of the scientific 
staff of the deep-sea-exploring expeditions of the * Lightning ' 
(1868) and the * Porcupine' C69 and 70) and in 1875 he was 
appointed assistant naturalist to the ' Valorous ' which accompa- 
nied the Arctic expedition of Sir G. Nares to Disco I. , and he spent 
the summer in sounding and dredging in Davis strait and the N. 
Atlantic. Dr. Carpenter devoted himself exclusively since 1875 
to studying the morphology of the Echinodermata, especially the 
crinoids. In 1883 he received the Lyell medal from the Geologi- 
cal Society of London and in 1885 was elected a Fellow of the 
Royal Societ}'. His chief papers were * Notes on Echinoderm 
Morphology/ *0n the Genus Actinometra, ' < Report on the 
Crinoidea dredged by the Challenger, ' . « The Stalked Crinoids, ' 
< The Comatulse, ' ^ Report on the Comatulse dredged by the U. 
S. Coast Survey in the Caribbean Sea, ' and numerous papers in 
the Transactions of the Royal, Linnaean and Geological Societies. " 

Prof. P. Whitfield describes in Science, Dec. 18, the dis- 
covery of the remains of a mastodon on New York island, at the 
eastern end of Dyckman's creek at its junction with the Harlem 
river, sixteen feet below mean low-water. 

Mr. J. W. KiRKPATRiCK IN THE SAME NUMBER OP Science, de- 
scribes the finding of a nugget of copper, also northern boulders 
and strae, near Fayette, Mo. , near the central part of the state, 
the nugget weighing 23 pounds. 

The fourth annual meeting of the Geological Society of 
America was convened at Columbus, 0., Dec. 29, 1891. The 
acting president was G. K. Gilbert. The numerous articles read 
will be noted as they may be published in the Society's bulletin. 
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ALEXANDER WINCHELL. 

AN EDITORIAL TRIBUTE.. 

Note. The fullowliij; meiuorial sketch of Alexander Winchell, wlio flie<l February 19, 
1801, is a tribute of the Ambbicax Grologist to a dece-ased member of its editorial corps. 
As one of its founders and as its zealons friend and its most able and voluminous writer, 
his memory and his eminent services in the infancy of the magazine can most fittingly 
be commemorated by this sketch of his life and work. At the same time this account of 
one whose name has for the past forty years been seen frequently in geological, educa- 
tional, philosophical, and even in theological literature, will satisfy not only a demand, 
but a just expectation which has often been expreHsed since his death. We are con- 
vinced also that the readers of the Gkolo«ist in general will take pleasure in receiving. 
In lieu of the miscellaneous contributions with which the Obolooirt usually is filled, 
this joint memorial of one whose voice, now silent forever, they have many times heard, 
perhaps, either In thecla^^ room or on the public platform. 

I. SICKNESS, DEATH .VXD FUNERAL. 

Prol)al)ly the first apprehension of serious ))Oclily nitment of the 
late Dr. Alexander AVinchel], by others than himself and family, 
was experienced while he was in attendance at the Washington 
meeting of the Geological Society of America (December 29-31, 
1890), where he served as the presiding officer in the absence of the 
president (Dana) and of the first vice-president (Newberry). Several 
noticed the ashen hne of his countenance, and those more intimately 
aapuiinted with him knew of a weakness of limb, and a shortness 
of breath with which he sutfered. lie pei-sistently adhered to the 
discharge of his duties, however, in connection with the Geologi- 
cal Society, whether of an official or of a social character, and 
after adjournment he repaired immediately to his home at Ann 
Arbor, where he wjvs inclined to remain until his strength should 
return. Having, however, several engagements to lecture he 
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remained quiet but a very few days, when he visited Highland 
Park (near Chicago) and Milwaukee, where he gave public lec- 
tures. Immediately on returning home again he entered on a 
course of four lectures on Evolution^ delivered before the Geolog- 
ical Society of Ann Arbor. His weakness increased, and he 
could with difficulty walk to the lecture hall in the University 
buildings. The fourth lecture was never given, because the 
family physician, summoned against his protest, interposed, and 
before he could be restored death had put his veto upon it. 

The malady with which he had suffered for many years, and 
which he fully understood himself, but never mentioned to his 
family, crept \\\yon him verj- slowly to its fatal termination. He 
had noted for several months that he l>ecame easily wearied 
physically. His breathing was difficult, and he had asthmatic 
S3'mptoms. Nights he slept little, sometimes being compelled to 
rise in order to obtain relief from hard breathing, or panting. 
This he attributed to heart disease, but still kept about his work. 
Finally, when confined to his room, and mostly to his couch, he 
was regretful of the time he was compelled to lose in that way. 
His mind apparently ran over the themes of his lectures, and he 
planned new topics. *'You must not think lam idle, though lying 
here," said he, ^*for I have laid out two or three articles to be 
written." Later, the same day, he said: *'I believe I can dem- 
onstrate mathematically the necessity of a modification of the 
nebular hypothesis of La Place." Still later he explained what 
he meant by the modification which should be made in the nebu- 
lar hypothesis. < <I believe I can show mathematically that each 
successive annulation was accompanied by, and caused, an en- 
largement of the orbits of every earlier ring ; and that the various 
orbital diameters of the resultant planets have been enlarged from 
time to time, or pushed away from the residual mass." When it 
was remarked to him that the La Placean hypothesis required a 
constant shrinkage of the central mass, having once been extended 
to the utmost limits of the solar system, and that by loss of ring 
after ring it had been reduced to its present condition and size, 
«<Ah well," said he, <«let those defend that who believe it, I be- 
lieve that, like an exogenous tree-trunk, the outer diameters can 
be shown to have l)een enlarged from time to time. " This seems 
to be a new conception. It certainly would have been embraced 
in his ** World Life," had it ever been presented before, but we 



Alexander WinchelL 73 

find nothing of it in tfiat volume. Tlie suggestion seems to be a 
fruitful one, and may be established or refuted by some compe- 
tent phv'sicist. 

The immediate cause of death was suffocation, superinduced 
by dropsical secretions which permeated his whole system, and 
finally filled his lungs. The primary' pathologic cause was aortic 
■stenosu, by which the aortic orifice was so re<luced that the neces- 
sary amount of blood could not pass it, deranging the whole cir- 
culation. The cause next more remote was a severe attack of 
^'inflammatory rheumatism'' in the spring of 1865, and the origi- 
nal cause, as traced back by himself, at the time, was long ex- 
posure, in February, to cold in working in the University museum 
at Ann Arbor without fire. 

His old-time college friend, Rev. AVm. S. Studley, D. D. , of 
Evanston, 111., conducted the funeral, and delivered an appro- 
priate and eloquent address,* The burial was in Forest Hill 
cemetery, Ann Arbor, where four of his children had preceded him. 

His death brought forth numerous expressions of sorrow and 
testimonials of esteem, some of which were dispatched from 
points as remote as San Francisco and Boston, and from several 
in Europe. One came from Central America, bearing a sprig of 
edelweiss from the Swiss Alps. The geologists of the United 
States Geological Surve}' gave expression of their sentiment and 
sympathy, in the following words: 

Washington, D. C, February 20, 1891. 

* * * * By his unfiagging devotion to science and his equally 
constant and successf al efforts to promote and extend beneficent knowl- 
edge among men, Professor Winchell justlj' won the respect and ad- 
miration of his feUow-students throughout the world; and by his per- 
sonal uprightness, the honorable motives manifested in his daily life, and 
his unfailing courtesy, he inspired the esteem and friendship of his pro- 
fessional associates in those scientific gatherings and institutions in 
which he always took so active and worthy a part. 

As students of geology we deplore the death of one of the foremost 
geologists of the centur}'; as personal friends we mourn the loss of one 
of the most highly esteemed in our circle; and in this, our common be- 

*This address with several others delivered at a memorial service at 
the Methodist church, May 10, 1891, has been published in pamphlet 
form. The "University memorial,'' embracing the address of Prof. M. 
W. Harrington, May 8, has also been put into pamphlet. The memorial 
address delivered l>efore the Geological Society of America, in August, 
1891, by his brother. Prof. N. H. Winchell, is included in Vol. Ill, of 
the Society's bulletin, together with resolutions adopted by the Society. 
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reavement, our hearts go out in sympathy to the stricken family whose^ 

sorrow we share. 
Signed: 

J. W. Powell, U. K. Gh.bert, 

C. A. White, Arnold Haoub^ 

MARcrs Baker, 8. F. Emicos^s, 

J. S. DiLLEK, W. H. Holmes, 

(^HAS. D. Walcott, C. Willard IIayeh, 

WM. H. DaLL, I8RAEL C. RuSSELL, 

A. H. Thompson, Henry Gannett, 

Walter H. Weed, Nelson H. Darton, 

Batley Willis, Garrick Mallery, 

W. J. McGee, Henry W. Henshaw^. 

The University Senate, Ann Arlx)r, adopted a memorial ex- 
pression of the loss sutfered by the Univei-sity, from which the 
following is taken : 

* * * * To some of his hooks it was given to guid^ to a degree 
rarely accorded to books in these days, i)opular thought on the subjects 
on which they treat. They have had an influence which few scientific 
books have ever reached. They have not only made their author one of 
the most prominent figures in American science, but have made his name 
a household word in thousands of families. 

But we feel the loss of Dr. Winchell not only because of his eminence- 
in his chosen field of work, but also because of his personal qualitiesw 
He was a man of impressive appearance and dignified bearing, a court- 
eous colleague and a faithful friend, and those who knew him best found 
in him depths of gentleness and affection which are found but seldom. 
He was absolutely unswerving in his allegiance to what he believed to^ 
be the truth. With true scientific instinct he firmly believed that all 
truth was one, and he devoted himself for many years to proving that 
science and revelation could not be in conflict. His faith in ascertained 
science was no less unwavering than his faith in religion, and in earlier 
daj's when such an assertion provoked hostile and even bitter criticism,, 
he dared to assert and maintain that geology and revelation were in ac- 
cord. Unmoved bv the storm which he had raised, flrm in his couvic- 
tions of scientific truth, and devout by nature, he then passed on to the 
study of the great problems of creation— problems to whicli his deeply 
religious feeling, his love of nature and his natural bent and grasp of 
mind all irresistibly turned him. With a reverent but master hand he 
endeavored to lift the veil of the past, to follow the steps of creation, 
ascertain its laws, and follow its evolution. These were the problems to- 
which he delighted to devote himself. His other studies were only inci- 
dental to these, or to the duties of instruction. It was under the inspira- 
tion of these grand problenis that his mo^t influential books were written,, 
and his most eloquent discourses delivered; and, as it happens, his last pub- 
lic lecture, the last lecture he was destined to deliver, when the feeble- 
ness of mortal disease was overcome \\y tlie inspiration of his subject, a 
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lecture which called together so many that his class room had to be ex- 
changed for University Hall — that his last public address was again 
devoted to one of the noble problems of creation. It was a fitting sub- 
ject for the last discourse, and a fitting close for tte public life of so 
great, so able and so devout a man. 

A noble and striking personality, a man of great learning and lofty 
Ideals, has been stricken down, and we grieve at his loss; a gentle and 
earnest spirit has left us, and we mourn. * * * 

The Universitv Musical Society, tlu^ Ann Arbor G(H)lo<rical 
f^ociety, the Wesleyan Guild of the T'niversity of Michigan, and 
the trustees of the Methodist Episcopal cliiirch at Ann Ar]x)r, of 
all of which he was president, adopted similar tributes. The 
Haniilton (N. Y.) Theological Seminary and the DaveniK)rt Academy 
•of Science adopted resolutions of regard and sympathy. 

Tlie rreological Society of America, of whicli he was also pres- 
ident, at its meeting in the following August, had an appropriate 
memorial address, delivered by his brother, Prof. N. IT. Wiiichell, 
and adopted resolutions presented by a committee, of which Prof. 
Edward Orton, of Ohio, wa>i chairman. The address and resolu- 
tions are published in the Bulletin of the Society for 1S91. 

A multitude of tributes from personal and scientific friends 
were received by his stricken family, but they need not here be 
further referred to. An extract from one simply will suffice: 

3Iy admiration for him was boundless. He was the most learned man 
I have ever met, and I preferred his society to that of any other Ameri- 
can scholar.- /?/*t//^/p AV<fw<///i. 

II. PKRSONAL HISTORY. 

Alexander Winchell was born of parents in humble but com- 
fortable circumstances, December HI, 1824, in the town of North- 
ea.st, Dutchess county, New York. The ancestral homestead, a 
large frame farm-house, for man}' years used as a hostelry Ijy his 
grandfather, Col. Martin E. Winchell, for the accommodation of 
the tnivelers who passed by the stage route between the Hudson 
valley and the towns of southwestern Massachusetts, still standing, 
is surrounded by an undulating mountain plateau forming one of 
the spurs of the Taconic mountains, and long known as AVin- 
I'hell mountain. His father was Horace Winchell, fifth child and 
third son of Col. M. E. Winchell. His mother was Caroline 
McAllister, of Northea.st, of Scotch-Irish ancestry, from the 
Protestant families of the north of Ireland. His father's desceiit 
Is traceable directly to Robert Winchell, an Entrlishman wIk) .set- 
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tied at Dorchester, Mass., in 1634, and removed with the first 
settlers to Windsor, Conn., in 1635.* His father died in 1873, 
at Lakeville, Ct. , at the age of 77 years. His mother still lives, 
at Lynn, Mass., with her daughter, at the age of 85. Some of 
the dominant traits of Alexander's mental, as well as physical 
constitution were derived from his mother. 

1824. He was the first-born, and under his father's fond tuition 
he received not only the first elements of his education but the 
earliest impressions of honorable striving and achievement. His 
father and mother had both been teachers in the public schools of 
the town, and Alexander's training profited by that experience. 
On the dav that he was seven vears old he recited, without mis- 
take, the entire * 'Multiplication Table" to twelves, and had com- 
pleted Emerson a First Part of mental Arithmetic. When three 
months past ten he had been through Wilhtfs Arithmetic (similar 
to DalK)irs) and had transcril)ed all the definitions, rules, prob- 
lems, and full solutions in a manuscript book, which is still ex- 
tant among his papers. This early bent for mathematics re- 
mained through his entire life, and gave shape to numerous 
discussions and arguments. 

1 838. He was at first destined for the profession of medicine, 
and si>ent two yeiirs with a great uncle, Dr. Charles McAllister, 
in South Lee, Mass., attending the * 'Stockbridge Academy" in 
the summer and the village school during the winter. The Latin 
which he had begun with his father in 1837, was here resumed. 
In 1 840, being still t(H) young to begin the study of medicine, he 
visited his parents, intending to remain a year. Having one day 
expressed to his father a desire to teach, though not yet 16 years 
of age, his father immediately responded that he would obtain a 
position for him, and a district school was engaged, which he taught 
during the winter of 1840-41, his patrons supposing him to l)e a 
young man of 21. Here one of his amusements was the collection 
and solution of arithmetical problems. He began here the practice, 
continued ever afterwartl, of putting on record the results of his read - 
ing and study. He had already filled two volumes with arithmetical 
solutions and rules. Here also he began the keeping of a diar3',and 
a strict account of expenditures, forming a habit which he never 
lost, and which furnishes the materials for this personal sketch. 

♦Genealojjy of the Family of Wincliell in America, embracing the 
etymology and liifitory of tlie name. Alexander Winchell, 18<)9. 
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1841. His fondness for teaching being confirmed^ he engaged 
another school for the summer of 1841, and during its progress 
he pursued, at his leisure, the study of some higher mathematics. 
Day's Algebra he completed by himself, resolving every equation 
and problem, absolutely without assistance, and writing all the 
results in a book. Before autumn he had also finished Davies' 
Survei/xng, and then Flint's Survey ing, writing as before all the 
solutions in a book. During the winter engagement of 1841 and 
1842 he taught Gummere's Surveying. In March, 1842, he 
joined the M. E. Church, in Pine Plains, Dutchess county, N. Y., 
and this meml>ership he maintained to the time of his death. 

1 842. By this time he felt that the study of medicine must be 
postponed for a more extended course of preparation. In fact 
the resolution was virtually formed to devote himself to the life 
of a teacher. In the summer of 1 842 he took up Greek by him- 
self. All this time he received spirited encouragement from his 
father, although he had now passed be^'ond the limits of his 
father's education. He was working with Goodrich's First Les- 
sons, when Rev. Davis W. Clark, then principal of Amenia Sem- 
inary (afterwards bishop) made his acquaintance and urged him 
to enter the Seminary, which he did September 6, 1842. The 
winter of 1842-43 was, nevertheless, spent in teaching a district 
school; though he pursued by himself the study of the ufJneid, 
and of Sallust's Cntiline. Astronomy, which he also studied, 
fired his imagination, and aroused latent perceptions which later 
became longings, and blossomed into l>eautiful fruition in his 
World Life. 

1843. He rejoined his class in the spring of 1843, and stood 
with them the examinations in the studies of the year. During 
the winter of 1843-44 he was Assistant in the Seminary in the 
English department, in the spring taking Principal Clark's classes 
in Algebra. His studies this term took a remarkably wide range. 
Besides completing his preparation for a collegiate classical course, 
he finished the **teacher's courae" in the seminary (including 
geology, mental philosophy, Paley's EvUlencen of Christianity, 
and natural theology), and receiveil tlie diploma. He was vale 
dictorian of his class, and acted a part in a dramatic sketch (writ- 
ten l)y himself) entitled The. Reign of Terror. There remain to 
this day, among the older, and especially among the later students 
at Amenia Seminarv, traditions of the matheniatlcal achieve- 
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ments of ^^that bov WincheH'- duriiior the last year of his studv 
there. 

1844. He was now prepared for college, but the difficulties 
that beset a youth who at that time aimed to acquire more than a 
common school education, if without means to meet the financial 
obligations, in an>' of the colleges of New England, c^in only be 
enumerated by those who have encountered them. Ilis friends 
generally regarded the idea as chimerical. For a sustained aspira- 
tion to secure the benefits of such a course he here acknowledges 
himself indebted again to his father, who was educated at 
Phillips Academy, Andover, and to his uncle, Abraham AVinchell, 
who had received a liberal education at Yale and Harvard. How- 
ever, in Heptember, 1844, he was matriculated as sophomore at 
Wesleyan University, Middletown, Conn. Here he encountered, 
with indignation, the first check in his educational ardor and suc- 
cess, in a rigorous "marking s^'stem, ' which at that time laid 
special stress on the literal reproduction of the words of the 
text-lxx»ks. Like most of his class-mates — among whom were 
Kdwanl Gayer Andrews (now bishop), Cornelius Cole (since con- 
gressman from California), Orange Judd (benefactor of his alma 
mater and long the distinguished agricultural editor), Joseph E. 
King (the well-known president of Fort Edward Institute) — he 
left the struggle for college honors to the very few who could 
cramp their natures to the narrow conditions of success. Here- 
tofore he had always expected to win the first premium whenever 
a prize was offered for competition, but from college honors prof 
fered under so narrow conditions he turned in disgust, and he 
always recollected with indignant condemnation the contrast be- 
tween this discipline and that more generous and encouraging 
which he had experienced at Amenia Seminary, under Principal 
Clark and Joseph Cummings. 

1845. The winter of 1844-45 he taught the village school at 
Winsted, Conn., and in 1845-46 he was assistant in Simmons' 
Classical School in his native town. He graduated with his class 
in 1847. beins: assigned the "honor" of the "modern classical 
oration.*' His theme was The Duffapriny of Jtalian Litvraturp. He 
then became teacher of natural science at Pennington Male Sem- 
inary, N. J., where he entered with irrepressible zeal and delight 
upon the study of the fiora of the viciiiity, by the aid of that ad- 
mirable work: DarliuiTtons /Vo/v/ Osfn'ra. As the Morse electric 
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telegraph had jiust been put in operation between Baltimore and 
Washington he set himself to the task of producing, with his own 
hands, a working instrument, and though nothing be^'ond the 
fundamental principles had been made known to him, he suc- 

'Ceeded perfectly. At a public exliibition and lecture he em- 
ployed an alphabet of his own invention for transmitting intelli- 
gence to the farther corner of the hall. By popular request this 
lecture was repeated. Here also he gave a series of popular lec- 
tures on astronomy'. During this year he devoted considerable 
attention to the study of Hebrew, under tlie instruction of prin- 

-cipal Rev. S. M. Vail. The grammar used was that of Seixas; 
and jis no copies were found in the market, he did not hesitate to 
make a manu.script copy for himself. Years aftervvard, his 

Jionored instructor, remembering the incident, presented him a 
printed copy. 

1846-49. lie now began to feel that the field of mathematics 
A\as less spacious and inviting to enterprise than that of modern 

. science, and, declining the tutorship in mathematics tendered him 
by president Smith of Wesleyan University, and the offer of con- 
tinued position at Pennington Seminary, he returned to the Semi- 
nary which had prepared him for college, where he accepted the 
chair of natural science. Here he gave his first public geological 
lectures. During 1840 he made a thorough exploration of the 
flora of the vicinity. With the small reflector of the institution 
he made some observations on solar spots, which were published 
in the New York Trilnne for November 5, 1849. He began here 
•also a series of meteorological observations which were reported 
to the New York regents, and published in the report for 1850. 
These and later observations , are incoiporated in the quarto vol- 
41 me on New York meteorology by Dr. Hough. He was married De- 

• cember 5, 1849, to Miss Julia F. Lines, of Utica, N. Y., who was 
the teacher of instrumental music at the Seminary. 

1850. In 1850 he transmitted to the New York Board of Re- 
gents his first contribution to science, being a Catalogue of plants 

found yi'Oiritiy tcttJtotit rnJtivation in the vicinitt/ of Amenia JSem- 
inan/.* In July, 1850, he received from his alma mater the de- 
gree of master of arfa, delivering on the occasion, by appoint- 
ment, an oration on Work. 

Having accei)ted the charge of an academy at Newbern, Greene 
♦Keireut's Report. ISol, p. 2.")r». 



so The AmertAXUl Geologht. February, 18«2- 

Co., Ala., he presented his botanical collection, numbering 1,000 
plants mounted and labeled, to Amenia Seminary, and set out 
with his wife, October 5, 1850, for his destination in the then 
distant south. 

Here, with the expectation of a larger field for observation and 
study, he found the ** Academy" was located in the woods, in a 
small settlement, in the heart of the richest cotton lands in the 
state. It was materially unlike the situation which his imagina- 
tion had pictured, but with the cooperation of his wife, and with 
the calculation of eclipses for an amusement, he entered upon the 
work of '^building up" an institution — and not without some suc- 
cess, but the beginning was too small to suit him; and, having 
visited Eutaw, in the same count}', for the purpose of purchasing 
some unused apparatus from an inanimate institution, he was 
indiiced to change his plans so far as to use the apparatus where 
it was, and attempt the resuscitation of the institution. Accord- 
ingly in the spring of 1851 he opened the < 'Mesopotamia Female 
Seminary," with a full corps of assistant teachers, and the usual 
paraphernalia, accompanied by the seductive announcements suitoil 
to the occasion and the latitude. 

1851-52. There had always l)een an unrealized vision floating 
before his mind, of a course of scientific investigation. Here he 
entered with zest upon its execution. He fitted up a chemicaL 
laboratory, and, making some quantitative analyses,, they were 
published in the Eutaw papers. He had already communicated, 
to the Americftn Journal of Science and Arts notes on the cold of 
January at Eutaw, Ala., and on the aurora borealis of September 
29, 1851. He also opened corresjX)ndence with the Smithsonian 
institution, and, kindly encouraged l)y Prof. S. F. Baird, assist- 
ant secretary, busied himself in malting collections of plants, ani- 
mals and fossils. During 1852 he transmitted to the Institution 
a large collection of plants and a considerable number of alcoholic 
specimens and preserved skins. Among the fishes was a new 
species, afterward descril>ed by (rirard as Hybopsis winchelli. 
The Cretaceous formation of his vicinity interested him exceed- 
ingly and he made a faithful study of Choctaw Bluffs on the 
Black Warrior river, the results of which he communicated, 
through Prof. Baird, to the (Meveland meeting of the American 
Association for the Advancement of Science, in 1858. This was 
the first scientific description of the locality. Some of the- 
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Bcientific papers published in the Eutaw journals in 1851-52 and 
1853 were as follows: Yellow Rain, in which he first announced 
the nature of the sulphur-like substance appearing in little pools- 
after a spring rain. By chemical analysis and by microscopic 
examination he proved it to l>e pollen from the pine regions of 
the Gulf l)order. Other topics were Venomous Serpents; Analif' 
sis of Artesian Water; On the Use of green wood for Fuel: Ex- 
amination of ^^Sandi/ Land'' Soil; The Garpike, 

1858. In 1853 he had the satisfaction of witnessing the veri- 
fication of his first geological opinion, ventured on an economical 
question. Artesian wells were extremely common throughout the- 
region south of Eutaw, and it was much desired to have such a 
well in the village. He pronounced against its possibility, basing 
his judgment on the fact that the water-bearing stratum at the 
lx)ttom of the Upper Cretaceous outcrop|>ed half a mile south of 
the village, while the Lower Cretaceous was compose<l chiefly of 
non-porous, argillaceous l)eds. The authorities, nevertheless, ex- 
l)ended a thousand dollars in an unsuccessful experiment. 

In Jul}', 1853, he made the acquaintance, at the **Commence- 
ment" of the University of Alabama, of Prof. M. Tuomey, who 
proved a valuable friend. Here he saw for the first time those 
classical works for the southern geologist, Morton's Synopsis of 
the Cretaceous system of the United States, and Conrad's Descrip- 
tion of Tertiary Shells. The former he transcribed for himself,, 
and returned to Eutaw with new impulses toward investigation. 

Successful management of a southern female institution of 
learning required, at that time, a lai^ amount of personal solici- 
tation, and much pandering to the southern love of display. To 
this he could not willingly stoop, even had he not determined to 
devote his vacations to scientific work. Partlj' for this reason,, 
and partly for reasons for which he was not responsible, the sem- 
inary did not prove as prosperous as might be desired; and, hav- 
ing been elected president of the * 'Masonic University" at Selma, 
Ala., he sold out his affairs at Eutaw, and in July, 1S53, entered 
a new field. 

Armed with a '•Prospectus," he started out, with a horse and 
buj^gy purchased for the purpose, to spread the claims of the 
Universitj' l)efore the people of southern Alabama. The unan- 
nounced secret of the exi)edition, however, was the purpose to 
make it a yeoloyival tour. Not neglecting business interests to 
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an}' glaring extent he tiiiveled b}' Cahaba, Prairie Bluff, Clai- 
l)orne and the Zeuglodon locality in Macon county, as far as St. 
Stephens on the Tombigbee; and thence b}' Camden and Allen- 
ton, on the east side of the Alal)ama river, to Selina. No richer 
or more attractive region was ever open to the geologist. He 
stood where the veteran geologist Conrad had stood ; he studied 
where the distinguished Morton had studied; he explored the 
hole where Dr. Koch had exhumed his 77j^f/mrr//o«,and picked up 
the vertebra? of that serpent-like cetacean with his own hands. 
He gathered large quantities of Cretaceous and Tertiary fossils, 
and from Claiborne he shipped two bai-rels full to the Smithsonian 
Institution. The yellow fever was raging in Mobile, and had 
almost reached the districts which he visited; but a different fever 
was raging in his veins. At Claiborne he collected a quantity of 
undescribed fossils from the lowest beds of the Eocene, and fixed 
the northern limits of that formation twentv miles further north 
than had been mapped by Tuomey. For miles south of Selma 
he saw the fields overstrewn with HlppuritcH which the planters 
profanely burned into lime — as in Macon county they were using 
the precious vertebra? of Zeuglodon for "dog-irons" (andirons), 
stiles and gate- weights. His collections arrived at Selma in good 
condition, and he devoted the remainder of his vacation to assort- 
ing and determining them. 

The collections sent to the Smithsonian Institution were highly appre- 
ciated by Prof. Baird, who wrote, December 26, 1853; "The colleciioa of 
fishes is magDiticent, nearly all undoubtedly new, six species of Pomotis 
alone, cannot give complete lists at present as the genera, even, of some 
are indeterminable. The whole is the richest collection we have ever 
received from, the south. * ♦ * Unless I niucli mistake you and 
your abilities It won't be many years before you will be called to a big 
professorship somewhere north or east. Mark my words for that " — 
Nine days after these words were penned he was elected to a chair in 
the Universitv of Michis^an. 

It will tllustrate how long the scientific investigator must wait, some- 
times, after tlie seed is sown, before he can reap his harvest, to note that 
the geological specimens collected on this southern Alabama trip in 
1858, and sent to the Smithsonian Institution, were investigated first in 
1880, when Dr. C A, White took them in hand, and among others de- 
scribed Exof/yra icinchdli from those sent from Prairie Bluff, on the Ala- 
bama river.* 

♦Proceedings V. S. Nat. Mus., 20 May, 18H0, p. 21*4, pi. ir, figs. 2 and 8, 
and pi. Ill, figs. 1 and 2; also Annual report of the Haydeu Survey for 
1876, pi. XI] I, figs., 1 a, b,c, d. Compare the Annual Report of the Institu- 
tion, 1858, pp. 51, 52, 57. 



The * 'University" opened with encouraging proHpocts; but 
within a few days the yellow fever made its appearance in the 
city in a very malignant form. Half the population fled; the 
institution suddenly suspended operations. Two deaths occurred 
in the house where he, with wife and little daughter, was residing, 
but he and his family remained at their }X)8t. In November he 
received a letter (dated November 16) from president Tappan of 
the I.^nivei*sity of Michigan, announcing his election to the chair 
of * 'Physics and Civil Engineering*' in that Universit}*. This 
position he quickly accepted, and the Masonic University was 
abandone<l for a long vacation. His fossils were packed for the 
journey, during the long, silent and solemn days of visitation of 
the vellow fever. 

Before leaving the state he paid another visit to Prof, Tuomey,. 
taking with him a trunk full of fossils, from which Prof. Tuomey 
was permitted to retain all he chose. Among them were the uu- 
described Eocene fossils from Allenton. These remained in his 
hands awaiting attention until the federal army visited Tuscaloosa 
during the war, when, with the treasures gathered bj' Prof. Tuo- 
mey himself, they were devoted to destniction. 

1854. He entered upon his duties at Ann Arl>or, the 24th 
day of Jan., 1854, at the full professor's salary of $1,150 per 
year. His family who had visited in THica, N. Y. , joined him a 
month later. 

The work of the chair devolved upon him a large amount of 
preparation. Instruments and apparatus were wanting, and he 
visited New York to make purchases. No go<Kl elementary text- 
books in civil engineering were in existence — a deficiency specially 
felt in the department of railroad surveying. He was obliged to 
compile and originate matter and methods; so that within a year 
or two he had wrought out the material for an original work on 
civil engineering. As a branch of physics he attended to the 
keeping of a complete s<»ries of meteorological observations 
which, while he held the chair, he reported to the Smithsonian 
Institution. 

The State Agricultural College of Michigan, then latel}' estab- 
lished, had not yet been definitely located. The question of site 
had been referred by the Legislature \a^ the executive committee 
of the State Agricultural Society. Seeing that they were about 
to decide, if they had not already decided, on a location in the 
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unsettled interior of the state, he drew up a communication on 
the subject, addressed to the executive committee, urging reasons 
for connecting it with the State University. The argument did 
not prevail, but the paper was published by the State Agricultural 
Society in its report for 1854. 

During the summer vacation of 1854 he made some excursions 
in company with Profs. A. Sager and Charles Fox, for the pur- 
pose of making collections in natural history. A specimen of 
shell-marl collected was analyzed quantitatively, and the results 
published in the Michigan Farmer. He gave a good deal of stud}' 
U> the land and fresh-water-shells of the state, as well as to the 
reptiles and fishes. 

1855. In the spring of 1855, he became enlisted in an effort 
to found a state Natural History Society, in connection with the 
State Teachers' Association, and read a paper, — published in the 
Michigan Journal of Education for March, 1855 — On the Pursuit 
of the Natural /Sciences, He also published a scheme of opera- 
tions proposed. But interest in such subjects was at a low ebb, 
and the organization was so loose, and scattered, that this project 
never produced much fruit. During 1855, Prof. L. Agassiz' 
prospectus for a voluminous work on the Natural History of the 
United States was issued, and through personal request Prof. 
Agassiz appeals were addressed to the public by Prof. Winchell 
through the papers of Eutaw, Ala., and of Ann Arbor. In 
August he made a railroad survey from Ann Arbor toward Jones- 
vilie, as far as Manchester. 

On the basis of an understanding reached, on his assuming the 
<;hair of **Physics and Civil Engineering,'' the University created, 
this year, the chair of '^Geology, Zoology and Botanj';" and to 
this chair Prof. Winchell was transferred. The meteorological 
instruments which he had purchased and used, impelled by his 
interest in natural physics, were surrendered regretfully to his 
successor. Prof. Winchell had indeed kept up a continuous series 
of observations ever since 1848, first at Ameuia, under instruc- 
tions from the New York Begents, then at Newbern, Eutaw and 
Selma on the blank forms of the Smithsonian Institution, and 
lastly at Ann Arbor. He still continued, however, with his own 
instruments, the full series excepting the barometric records. 
The habit established of regular observations of the weather is 
traceable even through the last weeks of his life, since his diary 
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nearly alwaj's records the morning temperature, and also makes 
mention of all extraordinary meteorological changes. His Ann 
Arbor observations were finally worked up under the auspices of 
the Smithsonian Institution, and also bv himself in connection 
with the gedlogical survey of the state. 

1856. He read a paper, in 1856, before the State Teachers' 
Association, On the imporUuire of the tStiufi/ of Natural History, 
in which he advocated the introduction of these studies into the 
Union schools and the lower classes of the colleges. He read 
also papers before the American Association for the Advancement 
of Science, at Albany, N. Y., on the Gcoloyy of Middle and 
SoutJterii Alabama, and Statistics of soiiut Artesian wells of Ala- 
hanut.* Much attention was given also this 3'ear (1856) to micro- 
scopical studies; and a large number of drawings in colors were 
executed with the camera lucida. 

1857. In the earl}' part of 1857, he contributed, by invitation, 
a series of seven articles on Popular Education, under the signa- 
ture of * ^Scholasticus, " to the Detroit Tribune. In one of these, 
having animadverted on the * •Prussian system," president Tap- 
pan put in a reply, extending over several numbers of the paper. 
It was stated at the time that the first articles emanated from the 
president of Kalamazoo College, Dr. Stone, and that president 
Tappan imagined himself replying to him. 

At the request of Mr. B. F. Meek he made out a general table 
of the Cretaceous rocks of Alabama, which has entered perma- 
nentl}' into the literature of the Cretaceous system, t He pub- 
lished this 3'ear also A Guide to the Pronunciation of Scientific Terms 
— a pamphlet intended for his own .students, but which had quite 
a circulation among scientific men, until the edition was exhausted. 

During the summer of 1857 he made a minute microscopic in- 
vestigation of Lumbriculus, with colored drawings and descrip- 
tions. In the autumn and winter he drew up a detailed descrip- 
tion of the osteology of Marobranchus (Nccturus) lateralis. He 
opened in the autumn a class in comparative osteology, which was 
attended by alK>ut eighteen students from the Medical College, 
besides those from the Literary department. In subsequent years 
the professor of anatomy* instituted a similar course for the medi- 
cal students. 

*See Proceedings, pp. 82 and 94. 

tSee Proc. Acad. Nat. Sci. Philadelphia, May, 1857, p. 126. 
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1858. During the winter of 1857-58 be delivered a series of 
public lectures, by request of the Young Men's Association of 
Ann Arbor, in the hall of the Union school. Kxcept the public 
geological lectures of Dr. Douglass Houghton, in Detroit, this was 
the first presentation, before public audiences of the state, of the- 
popular truths of geology. The final lecture, entitled. Creation 
the work of one Intelligence,^ and not the Product of Phyairal Forces, 
was published in pamphlet form b}' the Association. This was 
inspired, confessedly, by Agassiz' splendid Essay on Classifica- 
tion, in the sentiments of which he felt a profound sympathy. 
In May, 1858, he published, for the use of his students a Si/nop- - 
tical view of tlie ^accession of Organic Tgpes, which went through 
three editions. lie carried thix>ugh the Michigan Journal of Edu- 
cation a series of nine popular articles under the general heading 
Leaves from the Book of Nature. During the summer he visited 
Missouri, and held a quasi -connect ion with the geologicjil survey 
then in progress under Prof. Swallow, sending to the Ann Arbor 
papers some account of what he saw. 

1859. In January, 1859, he memorialize<l the State Legisla- 
ture on the subject of a geological survey (House Document No. 
29); and the survey having been ordered he was commissioned b}*" 
Gov. Moses Wisner, as director. On the IGth of May he set out, 
with a camp-outfit and one assistant, A. I). White, for the per- 
sonal examination of the southern portion of the Lower Peninsula. 
He served this year also as editor, and against his will, sis pub- 
lisher of the Michigan Journal of Education, to which he con- 
tributed numerous articles and criticisms — among them a i>opular 
solution of the celebrated • -Pendulum Problem." As president 
of the State Teachera' Association he managed its interests, and 
delivered the annual address on What Constitutes the tSucressful 
Teacher. In October, having, during the sejison, studied the geo- 
logical relations of the various brine springs of the state, he pub- 
lished, in one of the Grand Rapids papei*s, a general conclusion 
from which he never had occasion to recede*. He discouraged the 
attempt to produce salt at (Jrand Rapids. His exploration of the 
Saginaw region enabled him to locate the salt formation at the 
depth of G50 feet beneath East Saginaw. This was ))efore the 
first well was bored. Experiment revealed the existence of a sup- 
ply of brine at G48 feet. As, during the same season, he had to 
oversee the erection of his new residence, costing al)out ten 
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tliousan*! dol lux's, it is apparent that this was a 3'ear of unceasing 
activity. 

1860. In 1860 the work of the survey called him to spend 
most of the summer season in camp around the lake shores. He 
was able to coordinate the salt wells at different points along the 
Saginaw river. The leisure of the year was occupied b}' paleon- 
tological investigations. 

1S61. His Report of Progress of tht Geological Survey, an 
octavo volume of 331) pages, was published in August, 1861. 
In this he fully anticipated the vast development of the salt inter- 
est in the Saginaw valley. In consequence of the outbreak of 
the war the Legislature made no provision for the continuance of 
the survey, but the pale<jntological investigations were carried on 
privately through the year. As with all surveys the Michigan 
survey entailed on the director a burdensome correspondence relat- 
ing to i)ossible and projected economic measures in various parts 
of i\\v state. One only need here be mentioned. To an appli- 
cant for information respecting the existence of gj'psum in the 
vicinity of Tawas, he indicated a ridge near the lake shore, which 
he had inspected during the season's examinations (not the well- 
known outcrop by the waters edge further south) as a locality 
containing probably a large supply of gypsum. Some experi- 
mentei*s had already pronounced the locality barren ; but his cor^ 
respondent, taking a location for the price of an old gun, sold it, 
after the discovery of 18 feet of pure gypsum, for some thou- 
sands of dollars. On this spot has since been developed one of 
the finest gypsum quarries in the world. 

1862-68. His special paleontological study was directed 
toward the series of strata which he had designated the **Mar- 
shall group," a Carboniferous assemblage which had been regarded 
by American geologists as the equivalent of the New York 
Chemung. He published a communication on these rocks in the 
Amer. Joilr. Sci. [2], vol. xxxiii, p. 353, which contained his 
first descriptions of new species. Further descriptions were pub- 
lished in the Proceedings of the Acad, of Nat. Sci. Phil, for 
Sept., p. 405. He also published an article in Hunt's Merchants' 
magazine for September, on The Salt Manufuvtnre of the Saginaw 
Valleif Researches in the Marshall group were continued through 
1863, and the following articles were published: On the Identifiva- 
ti<ni of thv Cotshill Red Sfuidstone group with the Chemung (Am. 
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Jour. Sci. [2], XXXV, (51); Desvrq^thns of fosaUs fmm the Yd- 
low SniKhtoucH lying hvuenth the Burlington limestone at Burling- 
ton, loini. (Proc. Acad. Nat. Sci. Pbil. Jan. 18():J). He also 
published DencriptionH of elephantine molarx in the Mnseinn of 
the University of Michigan. (Canadian Naturalist, Octolx»r. 1863, 
p. 898.) He also investigated minutely the * 'Cherry slug," 
Celandria rrrasi, and his rejK)rt was published in the Proc. Bos. 
Soe. Nat. Hist., Feb. 18«)5. 

1864. In 1864 he made a detailed studv of the * -Currant 

ft 

worm' microscopical h' and embryologically. The results were 
published in the Detroit Free Press and republished in the Aunri- 
can Journal of JSrienre, September, 1864. The following fiirther 
papers were published this year, Fossils from the Potsdam Sand- 
stone of Wisconsin and Lake Superior (Amer. Jour. Sci. [2] 
XXXVII. p. 226); Notice of a Mastodon recently discovered in 
Michigan. lb. [2] XXXVIII. p. 223; Description of a garpike 
supposed to he neu: (Lepidosteus oculatus), (Proc. Acad. Nat. Sci. 
Philadelphia, Aug. ,1864); Geological map of Miehigan: On the 
origin of the Prairies of the Mississippi valley (Am. Jour. Sci. 
[2], XXXVIII, p. 832). 

1865 In January, 1865, he delivered an address at Lansing, 
l)efore the Executive Committee of the State Agricultural Society, 
on The soils and subsoils of Michigan, which was publishe<l by 
the Committee in pamphlet form. In this he insisted on the 
agricultural value of the -'pine lands" of the state, and pointed 
out the existence of a large calcareous constituent in the sandy 
soils alK)ut Grand Traverse bay. He continued his investigation 
of the fossils of the "Marshall group, " and published another 
series of descriptions of new species in the Proc. Acad. Nat. Sci. 
July, 1865. Alx)ut this time his attention was much taken up 
with the phenomena of oil wells, and he was called to many and 
distant places for the purpose of making surveys. He visited 
and studied, in this waj', all the oil-producing regions of the 
Ignited States and Canada; and a large numl)er of his reports 
• were pultlished by the proprietors in separate pamphlets. He 
wrote numerous articles also on these subjects for the public 
journals. 

It was in February and March of 1865 that the germs of the 
malady which finally caused his death, were made apparent in an 
impairment of his general health and rheumatic pains. On the 
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invitation of Prof. James Hall, he visited Albany, carrying along 
with him a ^^trunkfnl" of fossils for mutual study and compari- 
son in Prof. Hall's laborators-. Simultaneouslv with the com- 

• mencement of preparations for this trip, according to his diary, 

rheumatic pains were perceived in various parts of the body. 
These were attributed to having taken a bad cold through exposure 

f in the Museum, where he had to work without fire. Once only 

(February 14) while at Albany, he notes "continual fluttering and 
palpitation about the heart. Ears ring. Stomach impaired. No 

*" difficulty in drawing a long breath."' Repairing to his father's 

home (Lakeville, Conn.) on February 16, he became much worse 
and passed through a severe siege of inflammatory rheumatism, 
under the faithful nursing of his mother, leaving there again for 
Albany on March 15, and reaching Ann Arlx)r, March 22. Al- 
though his rheumatic pains ceased gradually, the cardiac mani- 
festations were kept up, and increased alarmingly. His diary for 
the next two or three years is burdened with references to the 
"thumping'' and the "spasms" which he constantly experienced 
about the heart. lie consulted Dr. Abram Sager soon after 
returning from Lakeville, and from his treatment he experienced 
some temporary relief. He carefully anal^'zed his own case, and 
the following may be taken as samples of many passages in his 
diary written when, at Lexington, Ky., he was inaugurating, un- 
* der Regent Bowman, the courees in natural science, at Kentucky 

University. For 3'ears, and apparentl}* until he was whoU}' in- 
capacitated by the encroachment of the disease, he lived with the 
impending probability of sudden death constantly before him. 
After considering the (question whether the peculiar sensations he 
felt might not be centered in the stomach instead of the heart, he 
writes : 

Be that as it may the circumstances have been such that I have been 

led to think much about the probable shortening of my life. No one 

« can think of death without some shrinking back. To go out of the 

world into the untried uncertainties which lie the other side of death is 
a serious business — ^to drop half-finished plans— to leave life's work but 
half completed — above all to leave a little destitute family — to break 
their hearts with bereavement —to leave my little daughters to the trials* 
griefs and exposures of an orphan life— poor, education and accom- 
plishments not yet secured— Oh, this is trying. But it is after all for 
them rather than myself, that regret arises. As for me— the inclividual — 
I must die sometime, and the uncertainties of the future will be as great 
twenty years hence as now, and so far as regards nature^s reluctance to 
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go down into non-existence, I have no desire to postpone the day. For 
the world's sake, for my name's sake, for surviving friends' sake, I had 
hoped to do more for humanity, more for science than I have, I seem to 
be now prepared to labor efficiently in the field of well-doing, I had 
hoped to complete my work on Natural Theology — my Geologic Ages 
and my Physiological Zoology. And then I am half prepared to mono- 
graph the horizon of the Waverly sandstone. Would that I might be 
spared to do that. 

But there are real attractions on the other side of the dark river. I 
dally see, in imagination, my little angel trio standing hand in hand and 
looking longingly toward the shores of earth and wondering when papa 
will come. Oh, if I could feel the firm assurance that I should meet and 
know them there, I should cast every regret aside, and joyfully, joyfully, 
await the day. It may be that I can attain to this assurance. I under- 
stand that others have enjoyed it; and I pray God his spirit may guide 
me to the same acquisition. (26 Jan., 1867.) Again he writes (Feb. 11, 
'67): The other night as I was lying in bed and considering what could 
be the nature of the phenomenon, I concluded the most probable expla- 
nation is this: The spasm occurs during the time of contraction of the 
ventricles, as is shown by the suppression of the pulse, and by the failure 
of the sharp, "deep'' sound caused by the closing of the mitral valves. 
It must be then that the mitral valves do not close when the ventricle 
contracts, and tlius the blood from the left ventricle instead of being 
thrown into the aorta is forced back into the left auricle, meeting the 
blood just entering that auricle from the polmonary vein. This sudden 
and unusual infiux of blood from both directions into the auricle pro- 
duces a concussion and distension of that auricle and possibly an un- 
usually spasmodic struggle of the whole heart. As the right auricle is 
situated near the centre of the thorax and contiguous to the stomach, 
the unusual movement which it suffers is felt by the stomach, and thus 
that organ seems illusorily to be the seat of the abnormal action as it is 
the seat of the sensation. 

But in reference to this explanation it should be marked, 1. A regurgi- 
tation of the blood into the right auricle and a prevention by this means 
of the contents of the pulmonary vein from proceeding forwards would 
result in a momentary congestion of the lungs, which should be indi- 
cated by a sense of suffocation. 2. As I have never experienced symp- 
toms of any real infiammatoiy action in the heart, or the region of the 
heart, and have never even suffered any pain except occasional wander- 
ing or shooting pains, which many times were seated in the muscular 
layers of the chest, I do not perceive it possible (aside from the exibt- 
ence of the spasms), that any such disease has existed in the structures 
of the heart as to cause an alteration in the constitution or efficiency of 
the valves. 8. There exists therefore room for some other explanation 
of these abnormal symptoms. At the same time irregular or intermittent 
nctioQ of the heart is caused frequently by the state of the nervous sys- 
tem; and at the same time these spasms and the pathological condition 
on which tliey depend, produce no perceptible influence upon my health. 
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On the whole, therefore, I am left in a state of uncertainty as to the 
fact of valvular disease. 

Two things I have neglected to mention. 1. These sensations are 
about the same as are produced by a sudden shock — as when a window 
falls, or a door slams, or some person suddenly starts up before one. 
This would affiliate them to nervous affections. 2. 0(x*asionally, lately, 
when lying quietly in bed, listening to the sound of the heart, I have 
fancied that the "deep" sound produced by the closing of the mitral 
valves is not as sliarp as it used to be — but somewhat softened and pro- 
longed. This is as I believe it should be if there is an imperfect closure 
of these valves, and some of the blood regurgitates into the auricle. 
But if this is the constant mode of action I am sure some impression 
should be made on my respiration, whfch I have not yet detected. I 
breathe as long as ever, and I am no more inclined to pant than ever. 

In hypertrophy of the heart, the ventricles, from over nutrition, lose 
the requisite capacity; but so far as I can see this would result only in a 
more sluggish circulation of the blood, producing a sense of faintness 
and suffocation — instead of irreffularity in the pulse. 

1866. He applied himself, notwithstanding tiiese solemn pre- 
monitions, and perhaps partly through the sense of the brevity 
of his remaining years, to his duties and to all his plans, with 
great diligence and effectiveness. In 1 866 he publislied. in con- 
nection with Prof. Oliver Marcy, who supplied most of the speci- 
mens, ''An enumeration of fossils in the Niagara limestone, col- 
lected at Chicago, 111.," with two lithographic plates of illustrations 
drawn by himself. Tliis contained descriptions of numerous new 
species. lie made this year an economic survey of the Grtntd 
Traverse region^ on which he publishe^l an octavo report of 82 
pages, with a map. In an appendix of 20 pages were embraced 
descriptions of a considerable number of new species of fossils. 
This report first brought to notice the remarkable influence of 
lake Michigan upon the climate of the region, and the wonderful 
capacity of the latter for agricultural and horticultural produc- 
tion. The statements of the report aroused the incredulity of 
some of the state officials, and an independent survey was. made 

which fully confirmed the report. He read before the American 
Association at Buffalo, a paper on the Fruit- hearing belt of Afirh^ 
igan, in which, as in the report, he brought statistics to exemplify 
the hitherto unexpected influence of lake Michigan in ameliorat- 
ing the winter climate of the state of Michigan and prolonging 
the growing period. He read at the same meeting a paper on- 
Stromatoporidff,^ in which he described two remarkable new genera 
of fossils, and established a new family. 



♦^2 The American Geologist, February, im« 

Having declined the chair of Geology, Zoology and Botany in 
Kentucky University, he was induced to accept a three-months 
winter engagement, and accordingly attended the (Commencement 
in June, and delivered an inaugural address entitleil A plea for 
Svieucpj which the authorities published in pamphlet. In Janu- 
ary, 1867, he entered upon the temiK>rary engagement. He was 
unwilling to sever his connection with the T'niversity at Ann 
Arbor. He also served the Kentucky T'^niversity in 18()8, and 
Regent Bowman now pressed upon him unsuccessfully the presi- 
dency of the Agricultural college, which at that time conducted 
nearly all the scientific instniction of the I^niversitv. About the 
same time he declimnl also the presidency of the University of 
Georgia. 

18(57. During the ye>ar 18()7 he contribute<l to the North irest- 
eni ClirUtUiu Adrocate, published at Chicago, l)y special request 
of the editor, Dr. T. M. Eddy, a series of twenty-two articles en- 
titled Christ inn Thvologif illustrated from Nature. Dr. Eddy had 
witnesse<l his metho<l with a so-called **Bible Class' at Ann 
Arbor, and desired some of the results spread l)efore the readers of 
the Adrorate. The fundamental conception of this series of articles 
was the harmony between the indications ami doctrines of science 

■ 

and the central doctrines of the Christian religion. The scope of 
the discussion appears from the following analysis of the course: 

iNTROnrCTORV. 

1. Nature and scope of the subject. 

2. Nature of the two revelations. 

.*}. Harmony of the two revelations. 

TUE EXISTENCE OF DeITV. 

1. Human conception of Deity. 

3. Direct evidences. 
The I'NiTY OF Dkitv. 

1. Harmony of creation in reference to space. 

2. Harmony of creation in reference to time, 
il. Harmony of creation in reference to plans. 

Divine omniscience and omnipotence. 
Divine benevolence. 

1. Indications of divine benevolence. 

2. Vindication of divine lienevolence. 
Divine Truth. 

1. Untruth inoompatihle with divine henevolenre. 

2. Untruth is unnatural. 
DivixE Justice. 

1. Hancrs on the proof of moral law. 



'2. The moral law written on the heart of man. 

3. The moral law revealed in the material creation. 

CUEATION A DIVINE WORK, AND NOT THE RESUIjT OF DEVELiOPMENT. 

1. The inorganic history of creation. 

2. The organic history. 

Tmk duration of material, existence finite. 

1. The present organism had a beginning. 

2. The same hastening to an end. 
The order of creation. 

1. The order indicated by Moses. 

2. The order taught by science. 

Max the last term t)F the organic series. 
The origin of our race in the Orient. 
Thk Noacuiax deluge. 

1. Uninspired evidences of its occurrence. 

2 The deluge not universal. 
Corporeal death not the consequence of bin. 
8iN, punishment and forgiveness. 
The existence of the soul. 

1. Innate convictions. 

2. Mind in nature. 

8. Correlative of the brain. 
Future existence. 

1. Innate beliefs. 

2. The indestructibility of spirit. 

3. The incompleteness of earthly existence. 

4. The attributes of Deity pledge future existence. 
Future progression. 

Authenticity of written revelation. 
Inspiration of the sacred scriptures. 
The necessity of faith, 
c'oxclusion. 

These articles attracted wide-spread atteution in the circle of 
intelligent readei*s to whom they were addressed, and they received 
many testimonials to their value. It was critically pointed out 
that their method was much broader than had commonlv been 
introduced into natural theology. He was solicited to put these 
contributions into book form, and especially by the late Dr. B. 
F. Cocker, his beloved colleague at Ann Arlwr ; but the treat- 
ment fell so far short of the degi'ee of thoroughness which seemed 
to him befitting the theme that he resisted all solicitation- to re- 
publish, entertaining the belief that within a year or two he would 
be able to offer the public a more adequate discussion. He began 
at once a re-cast of his argument, but the more he studied the 
more he became convinced that the apodictic and therefore the 
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satisfactory proof of the being of God must be rooted in a i^riori 
evidence. Illustrations from nature are all useful on the ante- 
cedent proof that there is any reality whose being and attributes 
are illustrated. With such maturing views he wTote one or two 
hundred pages again and yet again, during the succeeding years ; 
but a few months lapse of time so changed his conception of the 
most appropriate treatment that all which had been written was 
rejected. Out of some portions several articles were prepared 
for the Methodist Quarterly Review (April, 1873, and Jan.. 1H74). 
viz: The unity of the j)hi/8icaJ world, and Religious ideas among 
barbarous tribes (Jan., 1875). Some of his maturer views were 
also embodied in a review of Cocker's Chn'stitniitt/ and Grcxl' 
Philosoj^hy (July, 1872). 

18G8.* During 18G8 circumstances directed his attention par- 
ticularly to the popularization of science. He had written, in 
1858, a series of popular geological articles for the Michigan 
Journal of Education, and later had written a similar series for 
the Ladies^ Repository, of Cincinnati, under the general title 
Voices from Nature, and at the special request of the editor. Rev. 
Dr. D. W. (>lark. These Dr. Clark had suggested to him to have 
published in book form, under the title of The Geologic Ages, 
but he was not satisfied with the treatment he had there given tiie 
subject, and resisted Dr. Clark's flattering solicitation. 

He was beset, however, on everj' side, by requests for i>opular 
articles, most of which he had to refuse. However, from his pen 
appeared three articles in the ' * Univei*sity Magazine,'' four in the 
"College Courant,*' and three in the "Western Monthly." He 
conceived also an extension of the project of popular lectures, in 
which the grand conclusions of the sciences should be set fortii in 
more glowing and popular style than till then had been eustoniaiy 
with scientific lecturers of good scientific standing. Ilis ex- 
perience in composition had convinced him that the pulilic pos- 
sessed an api>etite for solid information, though they demanded it 
well spiced. Contrary, therefore, to the precedents of his elders 
and the strong conservative judgment of the leadei-s in science, he 
boldly took the risk of an attempt to present science in a popular 
garl). The result was about what he had anticipated. While 
fair audiences of deeply interested people attended his lectures, 
there were crowds who would be attracted only by a great and pop- 
ular name or a public entertainment which, either in its subject 
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matter or its author, amounted essentially to a mere amusement 
or a spectacle. Though never devoting an\^ portion of his time 
expressly to the fmstness of lecturing, he gave annuallj' twenty, 
thirty, or more such lectures and his voice was heard in nearly all 
the cities of the West and Northwest where literary societies or 
lecture courses are maintained. 

In October, 1875, when in Boston, he met Prof. R. A. Proctor, 
and attended two of the lectures in the couree which he was then 
delivering before the Lowell Institute. In conversation he re- 
marked to Prof. Proctor the difference in the methods pursued 
by Proctor and himself to gain the attention of ix)pular audiences. 
Proctor took a special theme of limited scope, and brought out 
all the details and personal and biographical history connected 
with it. This appeared to him the method of the story-teller. 
Winchell took a grand chapter of cosmical histor}*, and pre- 
sented synthetically the grand conclusions attained by science, 
ranging them in logical rather than chronological order — appeal- 
ing to the understanding of his auditors for interest, and to their 
imagination for illustrative pictures. In later years it was evi- 
dent that Proctor's lectures more and more adopted WinchelFs 
method, at the same time also approximating more closely to the 
same thentvH. During his American tour of 1879-80 he made his 
lecture entitled **The Life of a World" the staple entertainment 
for the public. Ilis other lectures, ^♦The Moon,"' "Death of 
Worlds,'" were simply amplified chapters in a general cosmic 
history-. 

Dr. Winchell was perhaps the very first scientist in America 
who descended before ]K>pular audiences, from that high-caste and 
stately, but dry and unpopular, style in which the older scientists 
had thought it fit to cloak the dignity of science. Certainly no one 
but the elder Agassiz had* previously attempted a true populariza- 
tion of science, but his lectures were never heard by the plain 
people in the smaller cities throughout the country. He simpli- 
fied zoological themes, rather than popularized them, and lifted 
up his voice only in New York, Brooklyn, Boston, Mobile, San 
Francisco, or other large cities where the select appreciators of 
science were numerous enough to constitute an audience. Since 
18<)^ the popular platform has been occupied by a considerable 
number of lecturers of scientific repute, among whom may be 
named Waterhouse Hawkins. Richard A. Proctor and Edward S. 
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Moi-se. But two of these have relied largely for popular intereBt 
on what is really but some trick of black-board sketching. In 
Great Britain have arisen also the illustrious names of Tvndall, 
Huxley. Ix>ckyer and others. 

This lecturing did not divert him but casually from his perma- 
nent plans of scientific work. In 1869 he prosecuted his studies 
on the ^'Marshall group:" some of his contributions were included 
in other state geological reports, and the scientific journals. His 
most voluminous publication on the subject appeared in two num- 
bers of the Proceedings of the American Philosophical Society. 
This pi-esents a general resume of discussions bearing on the 
rocks in question, a study of their equivalency in the various 
western states and the lithological.and paleontological evidences 
of the unity and distinctness of the group, and its proper posi- 
tion in the Carboniferous system. 

1 869. On the re-organization of the geological sur\*ey of the 
state, governor Baldwin re-appointed him director, and he was en- 
al)led to resume the work which had l)een suspended by the inter- 
vention of the war of the rebellion. Nine years had elapsed, and 
he had learned much, in his private travels for economic surveys 
at various localities, of the rock -structure and physical features 
of the state. He assumed for himself the personal investigation 
of the Lower Peninsula, and committed to major T. B. Brooks 
the study of the Mai'quette Iron region. As director he drew up 
a plan of operations which major Brooks pursued to the comple- 
tion of his work, some four years afterwards. 

1870. For several years he employed ever\' opportunity to col- 
lect data relative to the Winchell name in America, and he put 
his information in systematic shape in a volume, which appeared 
in February, 1870, entitled Genealogy of the Ftnnily of Winchell^ 
an octavo volume of 272 pages, containing names of about 
3,000 of his relatives. In March of the same year appeared 
^sSketches of Creation." a purely popular work embodying some 
of the grander views of geology which he had previously pre- 
sented either in print or from the public platform. *'Some por- 
tions of it indeed surpass the requirements of a i)opular style 
and become sophomoric and stilted." So he himself criticised it. 
It presented accurately, however, some of the accepted doctrines 
of science, and contained many thoughts and speculations original 
with the author. His picture of the primeval condition of the 
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world, and especially of the stormy period, antedated (in 1S5S 
in the '^Michigan Journal of Education') the publication of 
the similar pictures of Figuier; and his speculations concerning 
the wastage of the land, the final refrigeration of the earth, 
and the sun, and the inevitable ninning down of the machinery 
of the solar system, were entirely independent; though it later 
appeared that Mayer had preceded him in reference to the doctrine 
of solar cooling, and Sir William Thompson had alread\' an- 
nounced the germ of his doctrine of the * 'dissipation of energy." 
The popular character of the work tempted several ignorant re- 
viewei's to speak of it as a compilation, and as something similar 
to the attempts of Hitchcock and Hugh Miller. The Xation re- 
ceived it with that affectation of superior wisdom, and that pomp- 
ous superciliousness which have since been the recognized char- 
acteristics of that conceited journal. With these exceptions the 
work was received with a universal and cordial welcome. From 
bis numerous scrap-books the following, from the New York Itule- 
pentftnt, is selected as a sample of the judgment of the best 
critics. 

But setting aside the engraver's help toward the rich attractions of this 
volume, and eonfining ourselves simply to the author's manipulation of 
words, we should call this a very picturesque volume. Dr. Winchell is a 
learned professor of the sciences of geology, zoology and botany; but 
more than that he is a singular master of the art of telling about these 
sciences. His mind is filled with the poetry of science; he brings his 
heart and his imagination into the field as allies of his analytic faculties; 
and his essays in the popularization of science are really extraordinary 
specimens of word-painting. Like Waterhouse Hawkins, Dr. Winchell 
18 a popular orator of the facts of natural science; and like Hugh Miller, 
Tyndall, Huxley, Agassiz, he is also the graphic rhetorician of those 
facts. If any one has supposed that geology Ih a dry, dull science, he 
can be cured effectually by the perusal of the SheteJies of Creation. It 
<.'lothe8 the dry bones of an august science with the living fiesh and 
splendid vestments of poetry. Its rehearsal of the tremendous story of 
the physical universe is a superb prose epic. 

In similar strain wrote the Neir York- Ecvuiny Font, the Chicago 
Pos(, and nearly every other reviewer. The remarkable sale of the 
work combined with these commendations and many friendly let- 
ters, demonstrated tliat the author had reached the very audience 
for whom he wrote. The publishers accounted to the author for 
4,1 SI copies sold within the first six months, and they testified 
subsequently that no scientific work ever published in America 
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had found so large a sale as the Sketches of Creation. A large- 
demand has continued to the present date. 

Almost simultaneoush' appeared his Geological Charts intended 
for the class-room of the college and the High School. 

1871. But his principal activity was demanded by the duties 
of the geological survey. In the latter part of 1870 he drew up 
a preliminary cast of a report of progress, and in Jan., 1871, it 
was submitted to the Legislature. It was printed at once in 
pamphlet. This did not attempt to emlx)dy results, but set 
forth the plan of operations and the scope of the work contem- 
plated, producing estimates of final cost, with a degree of un- 
reserve more candid than judicious. The greater part of an 
octavo volume was substantially ready for the press. But a hos- 
tile influence had insinuated itself into the Legislature. The 
Senate very promptly passed a bill making appropriations for pub- 
lication ; but the House was uqw under the manipulation of one 
S W. Hill, from the Upper Peninsula, who had taken offense at the 
employment of Prof. 11. Pumpelly, instead of himself or some 
other resident of the district, to prosecute the surve}^ of the cop- 
per region. Mr. Hill had been a subordinate employe of the 
survey under Foster and Whitney, and was known as an exploring 
miner or '^expert" in the Northern Peninsula. As director. Prof. 

Winchcll had made a preliminary arrangement with Foi*ster,. 

who was well versed in the facts connected with the geological 
developments of the region, l)ut Gov. Baldwin objected, because 
Forster was already one of the commissionei's of the Sault canaL 
Hill was utterly incompetent and out of the question, though both 
ambitious and unscrupulous. Prof. Pumpelly was well known,, 
even then, as a student ()f such ore-deposits, and was the most 
suitable man. But Hill notwithstanding his assuring and friendly 
lettei-s, conceived an implacable hostility to the director and to. 
the survey, and secured his election to the Lower House with 
the proclamation that he would kill the survey. So by the most 
industrious, insidious and unscrupulous misrepresenUitions and 
perveraions of facts, he created a strong adverse sentiment. \i\ 
this he was aided by Dr. Manly Miles, then residing in Lansing, 
who ten years before had so mismauiiged the Zoological depart- 
ment of the survey then in progress, that the director got rid of 
him by having the Zoological department aliolished. Between 
the two sufficient influence was exerted to induce a majority of 



tlie house to withhold appropriations for publication, and to this 
day the materials that were gathered under his administration in 
the Lower Peninsula for two seasons of field work largely remain 
unpublished. They fill numerous large record volumes of manu- 
script. 

^Meantime governor Baldwin, whose authority had compelled 
him to take the step w^hich roused such deadly hostilit}'. neither 
assumed the responsibility, nor justified the director in any offi- 
cial way, and the latter was restrained by official etiquette from 
shifting upon another the responsibility for his official acts. The 
whole Geological Board had but recently fully endorsed all the 
plans and operations of the survey; but they had not the virtue to 
•defend what had been done with their open and individual 
approval. So, on the failure, or impending failure, of the appro- 
priation, the director sent in his resignation, glad enough to be 
relieved from what appeared to be the tyranny of an ignorant and 
•capricious Legislatui*e. '-A Remarkable Maori Manuscript," 
published in Sparks from a Geohxgtsfa Hammer^ is a parody of 
this episode. 

At the dedication of '^Grange Judd Hall of Science," at the 
Weslevan T'^niversitv, at Middletown, Ct. , he delivered an address 
on Scientific Edumtion. The institution was his alma mater, and 
its benefactor was his classmate. This address assumed bold and 
forward ground, and was published in pamphlet. The Boston 
Adrertisrr said: ''It will be likely to attract much attention among 
all who are interested in the ^modern protest,' since it takes de- 
cided and strong grounds in favor of the new education, boldly 
advocating its advantages, not only for special training, but for 
that liberal culture and discipline of the mental faculties and the 
character, which, it is generally supposed, can be obtained only 
from the classics. It will take rank with the most thorough and 
able arguments yet presented on this side of the discussion." On 
this occasion he received from his alma mater the degree of Doctor 
of Laws. 

His recent experience with the versatile lower house of the 
Legislature of Michigan brought sharp confirmation of a convic- 
tion, which he had already entertained and expressed, as to the 
unrestricted extension of the elective franchise to the ignorant 
<;itizen. The progress of the institutions of American civilization 
Jie considered endangered by thus putting them into the hands ()f 
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ignorant and too often un appreciative trustees. Such views werc» 
embraced in a lecture entitled KnkUtovrarif^ or Too Much Popohtr 
Gorernmcnt. This was first delivered at Mattoon, 111.. Dec. 4. 
1871. It appeared in the Mattoon Journal of Jan. (5, 1872. The 
lecture, as may well be imagined, created considerable excitement. 
as it went point blank against the short-sighted, material selfishness 
of the rabble, and the aspirations of the self-seeking demagogues 
who lead them. The lecture was, however, rewritten and delivered,. 
March 18, before the ' ' Jetf ei^sonian Society" of the Law Depart- 
ment of the Fnivewity of Micliigan. 

1872. A series of articles adapted to the Hundaif School 
Journaf were published in that periodical in 1872, and subse- 
quently were amplified into a volume entitled Reconciliation of 
Science ami Religitm. He was this year vice-president of the 
American Association for the A<lvanccment of Science; and poet 
for the twenty-fifth anniversary of his college class. On the latter 
occasion he delivered a very touching and melancholy, though 
perhaps appropriate, poem, which is one of the mre occasions on 
which he allowed the outer world, which knew him chieflv bv his 
scientific contriliutions, to have a glimpse of the inmost recesses of 
his heart. Here he ix>ured out his grief *in an impersonal wa^'. 
in beautifully flowing metre — of which there are also numerous 
other examples scattered through his diary and his record l)ooks. 

1873. lie experienced a severe trial, on leaving, in 187i>. the 
University of Michigan, and liccepting the responsible ix>sition of 
chancellor of Syracuse Universit}'. The step was long debated, 
and he could scarcely bring himself to abandon all the ties which 
bound him to Ann ArlK)r and the State of Michigan. He had 
heretofore firmh' resisted the personal solicitations of va'ious 
committees to enter upon what they, with the world in general, 
regarded as *'a wider field." But now the representations of the 
anthorities of Syracuse University were to theetfect that the insti- 
tution was in rapid progress of endowment, and had already a 
productive capital of $<)50,0()0, and that, as it was his scientific 
reputation which had attracted them to him, they wished him not 
to discontinue his relation to the scientific world. His salarv 
would be more than double what he was receiving from the Univer- 
sity of Michigan, and he would not have to be worried with the 
financial atfaird of the endowment, since theiv was a salaried 



*Jie had lo»t throe of his children by early death. 
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officer to look after that. He was very cordially received and 
introduced by bishop Peck and Drs. Reid and Bristol. His 
inaugural address was a broad and searching discussion of The 
Modem UniverHity. 

A portion of the material intended for the report of the Geo- 
logical Survey of Michigan was condensed for Waiting's Atlas nf 
Michigan^ embracing articles on the geology, topography and 
climate of the state. These memoirs sul)sequently were collected 
in a volume of 121 pages, accompanied by topographical, geolog- 
ical and isothermal charts — six in all. Resulting from the same 
study he contributed to the Anier. Jour. tSci., July, 1878, a paper 
on The Diagonal St/Hfrm in the Physical Features of Michigan. 

As soon as he had opix)rtunity to learn the financial condition 
of the University, he discovered that it was not what he had been 
led to sap|X)se, and that the financial stringency of the times 
(1873) bore heavily on even what there was of a firm foundation 
for future expectation. Notes which had been given on the 
opening of the institution were met with disheartening non- 
payment, and on others the productive interest was eaten up by 
second-hand men and bankers who had advanced money on them 
and held the short time notes of the University. However, he 
kept up good courage, outwardly, to the end of the scholastic 
year, and in July he sailed for Europe, intending there to leave his 
family for a short sojourn while his eldest living daughter should 
enjoy the opportunity and advantages of musical instruction by 
the best foreign masters. He returned himself to Syracuse on the 
opening of the new scholastic year. 

He delivered a course of four geological lectures during the 
autumn at Cooper Institute, New York, and two on evolution 
l>efore the **Drew Theological Seminary," the latter, in April 
(1874), appearing as a small volume from the press of Harper 
Bros. A reviewer of this work in the New York Tribune, in con- 
nection with that of Dr. Hodge, on a similar subject, said : 

The second writer whom we have named, the Chancellor of Syracuse 
University, in this state, is a much younger man, less addicted to 
theology than to natural science, not known to so large a public, but held 
in the highest esteem in scientific and literary circles, the author of 
several works of excellent fame in his favorite department of study, with 
a freshness and earnestness of thought which give promise of future 
achievements of high import, and with a mental courage that does not 
shrink from the sacrifice of custom and tradition for loyalty to truth. 
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The purpose of the work was neither to defend nor oppose the 
doctrine of evolution, but to offer expositioud and discriminations. 
The fact of an evohitionary method in nature he unreservedly 
maintained, and held it to be a proof of intelligence. Whether 
the evolution of events is effected by a method of material contin. 
uity. he deemed the only question at issue. He held that in the 
inorganic world the reality of this method must be acknowledged. 
Whether a material continuity runs through the series of or- 
ganic forms, is the residual question, to which all scientific 
controversy has to be narrowed. He proceeded to indicate the 
general evidences adduced by evolutionists in support of the 
affirmative, and then brought forward a series of difficulties, most 
of which, however, were regarded as applying rather to Darwin- 
ism than to the general doctrine of continuit}'. Supposing this 
doctrine inductively established as representing a fact in nature, 
it still remained to ascertain the methods and instrumentalities 
through which the organic continuity is maintained. This is 
the field of the theories — of which Darwinism is one. Finallv, 
having agreed on the nature of the physiological processes in- 
volved, it is necessary still to ascertain the o rig in of those pro- 
cesses, and of the forces which sustain and guide them — that is, 
the philosophic question of ultimate causation remains. From 
such grounds he maintained that no form of evolution-theory 
can be set down as es.sentiallv atlieistic. 

The fourth visitation of death in his dearlv loved familv was 
announced to him by cable-dispatch shortly before Christmas, 
1 87H, when he was alK)ut to ascend the platform to deliver a public 
lecture in St. Paul, Minn. Diphtheria had smitten his youngest 
daughter at Berlin. With mjisterful self-control he commanded 
his gi'ief to be silent and his thoughts to be on his evening topic, 
and he gave his lecture as announced. To one who knew the 
tenderness of his he^irt and fond doting which he lavished on his 
children, this abstraction of himself, almost from himself, for an 
hour and a half, with such a shock fresh on his consciousness, 
revealed the doubliMiess of his existence. He lived a public life 
of activity which was wonderful for its accomplishments, but he 
hild a domestic and personal life which, in its recorded menlories 
and mementoes, was almost equally voluminous. The drapery of 
a private grief was hung continually on his heart, but he carried 
in his hand, as Jiis only public and outward symbol of action, a 



banner on which wan written ^'Excelsior." lie clev<)ted nianv, 
but separate, hours to service under e^ch. Without conehiding 
his western enj^ajj;ements tx) lecture, he i-eturned to Syracuse and 
awaited the arrival of the cherished remains. At length, on Fel). 
1, 1874, they were given their final resting phice at Ann Arl)or, 
bv the side of two sistei-s and a bi-other. 

lS74-7(i. Owing to the desire on the part of the University 
authorities that he should now take part in public efforts to aug- 
ment the endowment, and to the serious cuitailment which he had 
ali-eady suffered in his scientific work through the incumbency of 
the presidency, contrary to inducements held (nit to him on his 
jicceptance of it, he notified the trustees, in March, of his intcndini 
resignation, and in June he unconditionally retii*©*!. For the 
duties of solicit4)r of money he had no (|ualification. Between 
paleontologist and financial agent there was a gap so broad that he 
, had never contemplated crossing it. Tn July, 1874, he iigain 
visited Kurope, and returned with his family in Deccml)er, enter- 
ing now in the same university uiK>n the chair of geology, which 
the trustees credited and urge<l him to accept. 

Full of zeal for the development of the <lepartnient which he 
had iissumed in the SyrtU'use University, he prepared and 
publishe<l, at his own expense, an extended HtfUnhun of a pro|X)sed 
coui'se of geological lectures, which should possess interest for the 
general pul>lic. He found it difficult, Almost impossible, under 
the financial straits of the institution, to ec^uip and maintain labo- 
ratories which corresponded with his ideas of the pwfessorship of 
geology. It became evident that his position was not one in which 
a zealous and competent professor of .science could build up either 
a reputation «r a successful depaitment. While he was meditiiting 
a complete severance of liis relations he was called u|>on by 
bishop MoTyeire, of the M. K. Church South, who urged upon 
him the chair of geology, zoology and Ijotany in the ntiscent Van- 
derbilt Univei-sity, at Nashville, Tenn. Under the precarious 
condition, however, of the endowment of that institution at that 
time, he decline<l the position, althougii he subsequently accepted 
a three month's engagement. Tn June. 1875, he presente<l his 
resignation at Syracuse, but consented to retain a j^artial engage- 
ment of two months. 

On a basis of observations made in July. 1875, on the line of 
the ( I rand Kapids and Indiana railroad, he i)n»sented to the 
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Detroit meeting of the American Association for tlie x\dvancement 
of Science a communication entitled RectifieaHon of the. Geological 
Map of Michigan. 

In the autumn he wrote and delivered, before the Boston 
Thtx)logical School six lectures on the Relations of Religion to 
Science and Philosophy. These were afterward embodied in a 
volume. In January, 1876, he opened a '^School of Geology" at 
Syracuse University. This had been announced by prospectus 
since August. For this enterprise he bore most of the financial 
expense himself. He wished to make the sch(X)l of geology a 
permanent feature of the institution. The attendance, however, 
was small, the aid he had expected from the university was not 
rendered, the institution was located far from the city, cutting off 
some who would have joined had it been accessible, and his tenure 
of the position was feeble ; for these reasons the second year's 
engagement here was devoted chiefly to university students. At 
Nashville, the first year, he devoted three months to lectures and 
instruction in geology and zoology. He delivered the commence- 
ment address at the <^State Female College" at Memphis, and the 
Athenaeum, Columbia, Tenn. He also gave the address before the 
literary societies of Vanderbilt University. His theme in this 
address was llie Worth of Culture. In that before the female 
college it was The Beautiful.* 

At Vanderbilt University he was treated with very marked 
courtesy and hospitality by all connected with the institution, and 
he was importuned by some of the ofl3cers, seconding'the requests 
of bishop McTyeire, to consent to a full connection and a perma- 
nent residence, but his first experience in the university convinced 
him that the old theology had too firm a grip on the institution 
to render it hospitable toward modern science, and, mentally, he 
shrank from any more intimate contact with the theological relics 
of the dark Ages. During his first sojourn at Nashville he 
completed the preparation of a volume on the relations of science 
and religion, which he sent to his publishers, Harper and Brothers. 
He also reviewed Dr. B. F. Cocker's Theistie Conception of the 
World. {Meth. Quart. Review, J^iljj 1876.) During the same 
period he made a scientific investigation of the Cephalopoda , 
belonging to the museum of the university, bringing to light 
several new species, and interesting features in old ones. Most 

♦Reproduced in Sparks From a Oeologiifs Hammer. 
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of these shells were from the Silurian of Tennessee. For lack of 
books and specimens for comparison he did not bring the results 
to such a state of completion as to render it proper to offer them 
for publication — hoping for future opportunities of study. 

Returning to Syracuse, he devoted a month to the study of 
fossils from Chautauqua county, regarded by him as belonging to 
the same age as the ^^Marshall group. " He had collected these 
on occasion of a visit to the Chautauqua Lake Encampment, where 
he delivered two or three popular lectures. This study was made 
the basis of a communication to the American Association at its 
Buffalo meeting, where he also presented the results of a study of 
Endoecrag. He participated in a * 'Normal Institute" of the college 
of line arts, delivering four lectures, and taking some part also in 
the field work. 

He was now importuned by the editor of the Christian Union 
and the Methodimt Quarterly Review, for communications on the 
subject of ev6lution, with particular reference to Huxley's recent 
lectures in New York. * He also visited Prof. O. C. Marsh, at New 
Haven, for the purpose of examining the specimens which had 
served as the basis of his later announcements. He wrote a large 
manuscript of about twenty thousand words, on '*E volution," 
designed primarily for the Methodist Quarterly/ Re/view, but the 
matter remains unused. Early in December, 1876, he removed 
his family to Ann Arbor, where he had retained his old home, 
being convinced that it would never liecome desirable to settle 
permanently in Syracuse. 

1877. After a short term of service at Syracuse, in the months 
of January and February, 1877, during which he wTOte a series of 
eight lectures on the scientific evidences sustaining the doctrine 
of evolution, covering the ground of its philosophic and theolog- 
ical consequences, and constituting a full monograph, and drew 
up an extended syllabus of lithology for the use of students, he 
again transferred the scene of his labors to Nashville, Tenn. , where, 
with a series of lectures on geology and zoology, he organized a 
biological laboratory which was very popular with the students, 
and, under the optional or **schoor' system prevailing there, 
became quite crowded with persons unprepared by previous study 
and discipline. During this term he instituted an elaborate series 
of experiments upon living germs in the atmosphere, employing 
* See ChHutian Union, Oct. 11, 1876, and Meth, Quar. Rev., April, 1877. 
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the general iiiethodH of Tyndall. Tie eume to the conchisioii that 
when an infusion is corapletely sterilized and exposed only to 
sterilized air, no liviu<5 organisms come into existence, even after 
the hipse of eight months, and, hence, that the so-called 
* *s[>ontaneous generation," or archwgenesis is purely imaginary. 

Ill 1H77 was published a work entitled Rrctnidlintlou of Seintrf. 
and Ri'Uylnu. It emlKxlied the six lectures delivered before the 
Boston Theological School, the two Baccalaureate addresses deliv- 
ered at v^yracuse, a [)aper entitled t^nmc Thovghtif mi Causal it y^, 
remi l)efore the Albany Institute, reviews of T)r. B. F. Cocker's 
two works, and the series of articles written for the Stnnfai/ Srhool 
Join/taf. Nothing, in reality, was written sjK»cially for this vol- 
ume, but everything had been preparwl originally for an ulterior 
use, and eveiy investigation was tributary to the great work which 
was resting dormant, but not forgotten, on his hands. It was a 
volume of '*chips, " as Max Muller would say; liut some of the 
investigations were fuller than he could with propriety introduce 
into his main work, and he thought the publication of them due 
}K>tli to himself and to those who had Iwen awaiting the results of 
his studies. Toward the ch)se of an extended review of this work 
the critic of the Nnr York Trihuiif said: 

Without dwelling on other pointH discussed in this suggestive volume,, 
we may venture to thank the author for an original and fruitful contri- 
bution to the ({uestions which now engage the attention of so many of 
the profoundest thinkers of the day. This w<»rk is of a critical character,, 
conunenting freely on opinions and syntems which have found a place- 
in the history of philosophy; but it also presents the mature fruits of in- 
dependent research and reflection. It betrays an intimate accpiaintauce 
with the development of thought in the best ages of scientific culture; but 
Its principles are not the result of sympathy and adoption. The author 
acknowledges no man as bis master: he admits no conclusions which lie 
has not made his own by processes of thought and study similar to those 
in which they had their origin. The materials which he has obtained by 
scholarly labors, have been thoroughly fused in his own mind, and are re- 
produced in forms which bear its image and superscription. He is- 
evidently embarrassed by the fertility of his <!onception8. * * * The 
rare intellectual fairness which marks the volume is a feature of no less 
interest than the philosophical ability with which its discussions are 
i'onducted. 

The Northern Christian Advocate stated: 

We do not remember ever to have read a work whieh more impressed 
US. * * * It Is a book for the believer and the doubter, for the student 
and the theologian. It is both comforting and disquieting. It solves 
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KOine difficult problems, and in this time of perplexity and mental con- 
Hict, every helpful utterance should be heeded. * * * It is not a belligerent 
book, but a thoughtful and explanatory one. It is a reconciler. * * * 
As to the matter of style, it is gracefully but strongly written. Exhibit- 
ing a wide acquaintance with ancient and modern forms of thought it 
ia never dry or obscore. * * * The book is full of thought. It is a noble 
contribution to American literature. 

The Popular Science Monthly (Aug., 1877) stated: 

The question of the relations of Science and Religion receives a new 
treatment in this interestius: volume. * * * 

Speaking of the author's theory of cyclic actions and reactions 
between intellect and tlie religious faculties, the reviewer says: 

This is an original and ingenious conception, by which Dr. Winchell 
U enabled to group and arrange the elements of his d'acussiou, historic, 
religious, philosophic and scientific, in a very instructive manner for his 
purpose, and <m this account the exposition is certain to be read by 
general students with interest and profit. Dr. WinchelTs work will do 
special service among religious leaders by making the whole discussion, 
as we might say, a piece of natural history: that is, he treats it in both its 
aspects, as a part of the method and phenomena of nature. While hold- 
ing to the inspiration of the bible and the supernatural claims of Chris- 
tianity, as matters of his own special faith, he nevertheless holds to the 
validity of the universal religious sentiment in man, and which is as 
much a subject of rational inductive imiuir}* as are the physical sciences 
themselves. We can hardly overrate the gain thus secured, by bringing 
the whole inquiry into the scientific sphere, and conducting it in the 
broad judicial spirit which genuine science always imposes. 

Such approving words fn)m representatives of lK)th the particm 
which the work attempts to -^reconcile" affords some indication 
that the attempt was not a failure. 

During his sojourn at Nashville in 1H77, he made an extensive 
collection of the fishes of the Cumt)erland river, a series of which, 
transmitted to the Smithsonian Institution, was found to embrace 
a new s{)ecies. Arlina afrifH'mtia. (See Bulletin No. 10, U. S. 
Nat. Mus. , p. 10.) He collected also a complete series of the 
Uniouidie of the river. These and the fishes remain in the museum 
of the university. He secured the youngest specimens ever seen 
of the garpike of the Cuml)erland. These ranged in length down 
to three-quarters of an inch. 

He returned to Ann Arbor full of the pur^jose to resume work 
on the undertaking so long contemplated, but having to make a 
journey to Syracuse and Albany, for the purpose of reading a 
paper (on Uttirerxify Gtntroi) hefon? the ^'Univoi'sity Convocation," 
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and on his return tc> prepare a carefully studied article on Prehis- 
toric Man (including the question of Freadamites) for McClintocfc 
and Strong's Cyclopedia, it was late in the summer before he could 
sit down to the work. Still again, in a few days, he was 
internipted to deliver lectures before the '* Convention" at Clear 
Lake, Iowa. 

After a careful examination of his former work he was con- 
vinced that the only satisfactory course to pursue,^ though on an 
enterprise already three times begun, was to begin again. The 
whole scheme of the work was cast anew ; and before his departure 
for Syracuse, in the latter part of November, he had completed 
about 121,500 words. 

At Syracuse, where his term of service began, on Nov. 21, his 
popular course of weekly lectures consisted of seven, written on 
the primitive history of ^ 'world -life. " In the course of these 
lectures he advanced the original idea that the meteoric matters 
now known to be disseminated through space, may be adecjuate to 
cause, ])y their resistance, the anomalous acceleration observed in 
the orbital motions of the satellites of Mara — especially the inner 
one. The. same conception was subsequently advanced by Prof. 
Doolittle, of Washington, and Th*. Winchell made reclamation 
through the Nvw York Trihnnt\, inasmuch as his own views had 
been announced in public lectures in Syracuse, Cleveland and 
Lebanon, ()., and Uichmond, 111., and had also been reported in 
the daily papers of Syracuse. Prof. Doolittle very cheerfully 
acknowledged Prof. Winchell's priority. 

The study of Preadamites had deeply interested him, and had 
produced a pretty fimi conviction that men existed upon the earth 
before the biblical Adam. He had planned, therefore, to deliver 
a lecture at Syracuse, upon the subject of AdnmitcH and Preatl- 
amitcH. This lecture he was re<iuested urgentl}' to deliver in one 
of the churches, and he did so. At the nHjuest of the clergymen 
present the lecture appeared in full in one of the next morning's, 
papers. In a day or two the author was called upon by Rev. Dr. 
Wan*en, editor of the Northern Christian Adrocaft., with a reipie^st 
to write half a dozen articles on the same subject, for his paper. 
To this rwjuest he acceded, but had not proceeded bc^yond No. H 
before Dr. Warren desired him to extend the series to eight, and 
before this limit was reached the editor wished the series extended 
to ten. At the rerpiest of the asKistant editor, J. T. Roberts, 
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permission was given by the author to print the whole in pamphlet 
form. Hence the »<orthodox" !>ruit which followed respecting his 
'^unsoundness. '* 

1878. On returning, February, 1878, to Vanderbilt University*, 
he was received with the same politeness and cordiality. Though 
his work was, in general, the same as before, he occupied some of 
his leisure hours in constructing some pieces of microscopic appa- 
ratus. During the summer he also constructed a small working 
steam-engine of one-fifth horse power. Before leaving Nashville 
he had also completed a survey of the sanitary geology of the city, 
and drawn up a report to the Board of Health, which was embod- 
ied in the report of the Boanl for that year, and also was printed 
by the Board in pamphlet form. In making the survey he I'an 
two intersecting lines of levels between the extreme limits of the 
city, a work in which his experience as professor of civil engi- 
neering twenty-three years previously, availed him. 

On the morning of the 27th of Maj^, an hour before the 
ap{)ointed time for a public address which he had l)een solicited 
to deliver, as one of the exercises of commencement week, he 
met bishop McTyeire oisually, and the latter then proceeded to 
comment on the influence which would be exerted against the 
interests of the university by the professor's heterodox position in 
reference to Preadamites and evolution. He endeavoi-ed to show 
the bishop the unreasonableness of objections to an opinion founded 
on scientific evidence, and not held in conflict with fundamental 
religious beliefs; but the latter would not see the subject in that 
light, and asked him to relieve the university of an embarrassment 
by declining a reappointment. This he indignantly refused to do 
on any such grounds as alleged. He went almost directly to the 
public audience, assembleil in the chapel, and delivered an extem- 
poraneous address on Man in thp Light of Geolotfy. He felt that 
the bishop had been extremely inconsiderate in bringing before 
him so distracting a subject, on the very hour ap|)ointe<l for his 
address, but with that self control which had marked his action in 
various other trying occasions, he ccnteretl his mind on the topic 
before him, and was subsequently led to believe that the bishop's 
course had acted simply as a stimulus, enabling him to outdo 
himself in elo(iuence and perspicacity. The address, at all events, 
was praised on every hand. 

The next morning. May 28, 1 878, he took a final .leave of the 
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iinivftraity and of Xaslnillo, and tlu» same day the Boanl of Trust 
abolished hin cliaii*. Bishop McTyeiro, in tranecmitting notice of 
this action, employ <>d terms exprc»ssive of kind feeling, appreci- 
ation and even of regret. It was evidently the intention of the 
authorities of the university that this should be a ease of decapi- 
tation within the walls of the inquisition; but the victim resolved 
that the pulilic should have the opportunity to pass sentence. He 
accordingly (irew up a true and literal account of the interview 
with bishop McTyeire, and published it in the Na^fhri N a Awrrican 
of June IG, IH7S. This opened the door for a unanimous and 
outspoken (condemnation of the act of the Board of Trust, from 
the press of the South and the country at largt*, an<l from repre- 
sentative iiuUviduals of every shade of religious opinion. t No 
word of approval rose from any source, except a few, fe«^ble and 
|>erverting misstatements from the organs of the M. K. Church 
Houth. The })est of reasons existed for the belief that the officials 
of the university very swm l>egan to regret their action, and that 
within a few months they were ashame<l of it. It was not long before 
the action was attril>uted In* scmie of the officials, covertly, to 
f/roumU of t'coHoiHt/. The impossibiHty of this is evident enough- 
when it is known that Prof. Winchells work was simph' transferre<i 
to Pn>f. Saffonl (who had Ijet^n on half duty) and Pro/. WinchelVM 
Mfiian/ with it. Le^iming that this subterfuge was l)eing set up 
by pai*ties in corresixnidence with Dr. A. K. Foote, of Philadel- 
phia, Prof Winchell wrote a crisp and |>eremptory denial of such 
statements which Dr. FiK>te published in his i>eriodical, Thr. 
NttturalixtH Lcinnre Jiotir^ January. 18H(», p. 5. 

So far ;is l*rof. Winchell's standing and reputation wen? 
concerned tht*se events were far fn)m disastrous, lie received 
new Hvmpathy and appreciation from ever}' intelligent man and 
woman and fnun many who otherwise would perhaps have remainc<l 
in ignorance of his existenc^e. Kx-Prc»sident Andrew D. White, 
once Dr. WinclielTs colleague at Ann Arlxir, made use of this 
incident in <me of his chapters on the '^Warfare of Science," 

characterizing the action of Vanderbilt Tniversity in the following 
words : 

It is pleasing to know that while an institution calling itself a univer- 
sity thus violated the fundamental principleH on which any Institution 
worthy of the name must he hased^ another * * * recalled Dr. Wlnchell 

t The events of this episode are all preserved in elaliorate clippings 
from newspapers which till two large scrap books. 
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at once to his professorship, and has honored itself by maintaining him 
in that position where, unhampered, he has ever since been able to utter 
his views in the midst of the largest l)ody of students on the American 
continent. Disgraceful as this history is to the men who drove out Dr. 
Winchell, they but succeeded, as various similar bodies of men making 
similar efforts have done, in advancing their supposed victim to higher 
position and more commanding influence. 

lie i*eturne(l to Ann Arbor and again applied hiniHelf to his 
loug-promiHed volume, internipteil, an before, by engagements 
to lecture at Slimmer assemblies. Nevertheless he added, us he 
states. 52,500 words to his manuscript, before his departure, 15tli 
Sept.. 1878, for Syracuse. 

This year, instead of writing a series of studied lectures, he re- 
stricted himself to extemporane^jus, and doubtless more popular, 
expositions. The lecture which lie delivered in New York, Oct. 
25, in the Academy of Music, before the Delta Kappa Kpsilon 
Convention, puVilished in the New York Tribune^ was very 
highly commended b}' all who were alive to the progress of ideas 
in education: and was repeatedly republished in educational 
journals. The theme was A Pien for Modernized Educatiui^. 
Having been invited to repeat the lecture in Syracuse, before the 
public, he wrote another entitled, Cnftitre and Knowledge\m which, 
while still maintaining the prop<;r precedence of science, he dwelt 
on the value of culture, but insisted that it comes from the study 
of things valua})le for knowledge, as well as the study of dead 
uuguages. This wa« published in full in tiie tSi/racuse Courier 
ioT Nov. 17, 1878. It received even more attention than the 
earlier address. He also delivered two or three other public 
addresses in Syracuse, which dieted very favorable comment from 
the press. The Daily Journal of Nov. 1(), said: 

There has been a growing interest of late in the utterances of this dis- 
tinguished scholar. His last lecture, on the subject of education, Is 
spoken of by all who heard it, as extremely eloquent in its delivery and 
brilliant in its thought. * * * Dr. Winchell deserves a warm place in the 
hearts of the Christian public for his masterly defense of the Bible, and 
his eloquent pleas for a full and symmetrical culture, including moral 
and religious as well as intellectual development. He is a christian 
scientist of the highest type; and S3'racuse may well be proud to number 
him among her most distinguished citizens. 

Returning to Ann xVrlx>r again he gave his leisure to the prep* 
aration of a work to be entitled FreadamiteH. He desired to 
investigate the subject further for his own satisfaction, and also to 
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clcmonHtrate to the world that ii doctrine which had been denounced 
an heresy is sustained not only by ethnology, archaeology, 
chronology and biology, but by the Bible itself. Notwithstanding 
prolonged absences from home on lecture engagements which 
took him as far west as Iowa anci Nebraska, he completed the 
manuscript by May, 1S7J). The work appeared in April, 1880^ 
from the publishing house of S. C (Iriggs & Co., Chicago. The 
following is from its preface: 

I have not assumed a position hostile to the Bible: it would have been 
irrational forme to do so; since it is the assertion of the Bible which de- 
termines what we are to understand by Adam. Had the Bible affirmed 
explicitly that Adam had no progenitor, IJshould simply have declared the 
facts of the genesiacal history inconsistent with the affirmation, as the 
facts of science would also be. I have even devoted a chapter to the 
proof that Preadamitism is neither inconsistent with the Bible nor with 
tlie orthodoxy of approved divines. More particularly,! have not disputed 
the divine creation of Adam, even in maintaining that he had a human 
father and mother. I have not impaired the unity of mankind, but have 
removed the incredibility of that doctrine as grounded in the descent of 
negroes and Australians from Noah and Adam. T have not affirmed — even 
like McCausland and other ecclesiastical |x>lygenists— that mankind, one 
in moral nature, are not one in orii^in: since I hold that the blood of the 
first human stock tlows in the veins of every living human being. I have 
not excluded the Preadamites and their descendents from the benefits of 
the **Plan of Redemptionr since I maintain that all mankind are equalh* 
the subjects of redemption. I have not degraded Adam below the 
level on which the Bible places him, since T do not recognize him as the 
starting point of humanity. Finally I have not pictured man as risen 
from the organic grade of a brute since I wished only to sliow that he 
was in existence before the **flr8t man*' of the Hebrews. 

1H79. He lectured at Potsdam, N. Y., in May, 1879, under the 
auspices of the Normal School. He had delivered a |K>pular lec- 
ture there the autumn previous. Returning home he first wrote 
an arti<'le on the Mt'taphif»tvH of iSrifnv4\, re(iuested by the editor 
of the ''North American Review,'' which appeared in the No. for 
January, 1880, and returned to the completion, or at least the 
farther prosecution of his great work — grievously interrupted 
however from day to day l)y the varie<l calls which exhaust the 
energy and ste^il the time of a professional man. 

In June, 1879, he was unanimouslv recalled bv the Boani of 
Regents of the University of Michigan to the chair of geology and 
paleontology in that institution. For several \'ears such had be>en 
the intensity of a factional spirit in the Hoard, tlwt scarcely any 
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measure and been adopted without dissenting votes. When, 
therefore, the unanimit}' of the Board in voting for his return was 
made known, and the general wish of the faculty of the university 
was understood to sustain the action, he did not hesitate to return 
to the institution from which he had been tempted six years 
b<»fore. The university had progressed in the previous seven 
years. The position now offered embraced much more favorable 
conditions for scientific advancement than the position he had 
left. His duties at that time were spread over the whole field of 
geology, zoology, botany, museum and microscopical work. When 
he returned the faculty embraced a professor of geology and 
paleontology ; a professor of mineralogy and economic geology ; a 
professor of zoology; an assistant professor of lx>tany; an 
instructor in the microscopical laboratory, and a curator of the 
museum, all of whose duties devolved upon one man in 1872. 

In his small pamphlet. Geology of the Starn, he presented the 
first generalization of the history which subse(|uently was expanded 
into World- Life. His conception of geologj', as i^ hiatory of the 
earth, led to a gi*a8p of all its history — to the remotest limit of 
time, past and future: Thus geology was welded to cosmogony. 
The seai*ch for conditions still antecedent to those revealed by the 
remotest stretch of the vision of science led him into the field of 
metaphysics. The central idea of all his lectures of this class was 
the life- time of a world. Sometimes the great theme was com- 
passed in a single lecture, sometimes in two, and perhaps more 
frequently it was expanded, especially in his university courses, 
to six or eight, and in one of his later courses it was constituted a 
series that extended through the time of a whole term. Every 
separate lecture was a chapter in the grand story. No lecture had 
a fixed form of words, nor subject matter. The selection of the 
topics and the degree of expansion to give them were determined 
always by the proprieties of the occasion, and the whole body of 
language, and many of the illustrations, were such as were 
prompted by the hour. 

lie now began, on his return to the university to which he had 
given the. labor of his earlier years, the preparation of an extended 
nyllahtM of a course of instruction in general geology. This is 
accomfilanied by copious references to sources of information — a 
sort of geological bibliography. The first part of this compilation 
relates to the ftwU of yeology and the second to the theories of 
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ifi'oiogy. It is a valuable pamphlet of 115 octavo pages, mostly 
in small type, and contains over 4,000 references to geological 
authorities. This work he regarded as a basis for a contemplated 
larger volume for scientific students and investigators, and he 
iulded to it, in his interleaved working copy, a multitude of addi- 
tional notes. 

1880. His work on Preiidamites was published in April, 1880. 
The book had l>een largely onlered in advance, and sold well from 
the start, so that though the first edition consisUnl of 1130 copies, 
the publishers liegan on a second edition within two weeks, and a 
third was calle<l for bj' November. The fifth has now been issued 
some new matter having been added just l>efore the author's 
death. 

As a literary production this work was received with universal 
favor. As to the positions assumed it is noteworthy that most of 
the religious journals either occupied a non-committal attitude, 
j^aying time was required for due consideration, or else they dog- 
matically condemned the doctrines of the Itook. The Presbyteri- 
ans, Cumberland Presbyterians, * and Northern Methodists treated 
the discussion with most intelligence, and therefore with most 
tolerance. The Baptists and Episcopalians and Southern Metho- 
dists generally denounced the book and sometimes the author, 
without the slightest attention to the tenability of the [lositions 
■assumed, t On the contrary the secular and scientific journals 
received the work in a very favorable manner. Of the secular 
papers some criticised the author for giving any attention to the 
mode of i-econciliation between Preadamites and the Bible; and 
one or two seemed disposed to ridicule for an alleged pro-clerical 
development. This criticism of course was offset by those ortho- 
dox reviewers who relegated the author to the limlx) which holds 
**Darwin, Spencer and Huxley," and suchlike. 

The following are quotations from some of the characteristic 

leviews : 

^There has been no work recently published upon the subject which 
can compare with this in importance. Professor Wincheirs reputation for 
learning and for sincerity, his repute as a student of physical science, 
and his special attitude toward what is called the conflict between science 
and religion render anything which he writes upon such a theme I19- 
porttnt; and the present work is the more likely to attract attention 

♦See Review for Jan., 1881. 

tSee 8outft&rn Methodist Quarterly Jieoieu) for Jan., 1881. 
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because it is the fruit of an exhaustive study, not of one but of all the 
sources of information which can be sup{>08ed to throw light upon the 
question, from the text and history of the Hebrew scriptures to the latest 
results of ethnological investigation." — Xew Tori. Ecening Pout 

This book gives us the amplification, and we believe the unanswerable 
defense of views which, upon their promulgation of two years ago, cost 
professor Wlnchell his lectureship at Vanderbllt University. * * * This 
great scholarly work shows its author alive in every fiber. * ♦ * The 
l>ook is splendidly written, many 'passages of great beauty might be 
selected from it. It shows its author to be a man of mental power, 
great information and extraonlinary culture. — Xt'U> Eiigl^tad Journal of 
Ediuation, 

There is hardly a subject relating to human progress and religion that 
is not connected in some way with the contents of this extraordinary 
production, and the writer shows that he is thoroughly equipped for the 
task* which he has* so brilliantly accomplished. Prof. Wlnchell has a 
highly cultivated literary gift, and the style of his composition is clear, 
easy, graphic and vigorous. But while the hook is popularly written its 
spirit and method are strictly scientific. The candor, logical acuteness 
and learning of the author will favorably impress the most prejudiced. 
We regard the treatise as a remarkable and powerful contribution to the. 
reconciliation of the Bible and modem science.. No doubt some will 
draw inferences as to professor Winchell's teachings that are alien to his 
belief: but if they do it will not be l)ecause his disavowal of certain 
doctrines is not sufficiently explicit. — II. N. Powers, in tlie Literavff 
World, Jnnt' 5, 1880, 

* * * Dr. Wincheirs book has a double interest which should not be 
overlooked. Though making no claims of this nature it is yet a valuable 
exposition of ethnological science, treating insti;uctively a wide range of 
(luestions in relation to the origin, distribution, characteristics and 
natural history of the human races. * * * But while useful as a mere 
didactic discussion of anthropological questions, the work has an interest 
of another kind in relation to the special object for which it was written. 
It is an able contribution to a serious modem controversy. * * * It is 
not too much to say that it settles the controversy: and all christian teach- 
ers who have an3' genuine interest in the adjustment of tlieir beliefs so 
that they shall harmonize with scientific demonstrations, owe gratitude 
to the author of this work for the untiring labor thatjie has bestowed 
upon the incjuiry, and the intrepid spirit in which he has pursued it. — 
Popular Scitnet Monthly^ July, 1880, 

Alexander Winchell, already a recognized authority in several brandies 
of scientific knowledge, in a volume recently issued with the above title, 
sings the Iliajt Jiumami. If it were clothed in rhetoric it w^ould deserve 
to rank as the epic of epics. * * * It has the thrilling interest of a 
romance. — Tke Bulletin, San Fntncinco, 22(1 .Voy, 1880. 

Similar tributes were paid to the work by the Montreal GtizeMf, 
the Bofitoii Trurelhr. the Boohestor Mm-ininj 1 fern 1*1^ Triibner's 
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Literary Record (London), the American Naturalist, the £ibl;io- 
theca Sacra, the Methodist Quarterly Review^ the Scotsman 
(Edinburgh), and many other prominent Journals. 

During the winter of 1880 and 81 he was engaged on * Sparks 
from a Geologist's Hammer." Some chapters on cosmogony, how- 
ever, expanded under his hands- to such an extent that he de- 
termined to withhold them and develop this subject into a 
separate work. He accordingly supplied their place with some 
new chapters, reserving the discussion of cosmogony for more 
leisure. 

Having been elected professor of geology and paleontology in 
the Martha's Vineyard summer institute he delivered 25 lectures 
before a class of students, and five more popular lectures on 
scientific subjects before the public. He also, meantime, delivered 
a public address on the Speculative eonscquences of Evolution 
before the * 'Institute of Christian Philosophy," at Greenwood lake, 
on the boundary between New York and New Jersey. At Martha's 
Vineyard he made a large collection of Algae, adding some 
specimens from Nahant and Marblehead. These were studied 
and carefuly mounted in an album volume after returning home. 

At Ann Arbor he gradually became connected with some 
musical organizations, and gave much time to the perfecting of 
their organization. The central organization was the University 
Musical Society, incorporated under the law of the State, of which 
he was chosen presideiU. This society organized three agencies: 
1. The Ann Arbor School of Music, of which he was vice-presi- 
dent of the Board of Trustees. 2, The Choral Union, of which 
he was president, and 3. The Orchestra. These organizations 
absorbed much of his time during the following 3'ear. 

1881. His work, Sparks from a Geologist's Hammer , appeared 
in the early winter of 1880-81. It was favorablv received and 
met with a large, and immediate sale. 

This superb work is of thrllliug interest to every reader who has an 
intelligeot desire to know more of this wonderful planet on which we 
live. * * * The chapter, "A group of Geologic Time," is worth more to 
the general reader than the price of the whole book. * * * The plan of 
the book is most admirable. Prof. Wincheirs first chapter takes the 
reader upon an interesting excursion to Mount Blanc and the Mer de 
Glace, where the esthetic aspect of Geology, as there so beautifully dis- 
played, is presented. This is followed by three chapters, on the **01d 
Age of Continents,*' ^'Obliterated Continents," and **A Grasp of Geologic 
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Time," following witti other chapters, climatic, historical and philosophi- 
cal. It is a treasury which should find a cherished place in every family 
library. — Boston Hmns JaurnaL 

Dr Winchell's jew d'esprit on the **Genealogy of Ships," (Chapter xii 
of this volume) remains one of the most Influential contributions ever 
made to the literature of Evolution. — Neto Vork Obterver. 

1882. An article on DariciniHm prepared for the American 

supplement of the '^Encyclopedia Britannica," at the urgent re- 
quest of the editor, in June, 1882, did not appear in print till 
1 884. The summer of 1 882 was again spent at Martha's Vineyard. 
Besides his regular courses of lectures here, he gave the principle 
dedicator)' address at tlie dedication of ^'Agassiz Hall." This, 
with full abstracts of his other popular lectures, was published in 
the Institute Herald. The abstracts were also published in the 
Boston Journal of Science. 

In the summer, at the Montreal meeting of the American 
Association for the Advancement of Science, he was chosen to 
preside over the section of Anthropology, in the absence of . the 
regular officer. In the autumn he wrote The Experiment of 
Unicersal Suffrage, and Communism in tlie United States which 
were solicited and published by the proprietor of the North 
Ameriran Review. Declining various other similiar solicitations 
he now resolved to devote himself to the completion of his long 
planned work on World Life, and he accordingly devoted to this 
most of the leisure found among the numberless duties, diversions 
and petty distractions of domestic, social and professional life. 
He yielded to perhaps a dozen requests to deliver popular scientific 
addresses, mostly within the state of Michigan. 

In 1883. The work upon World Life involved a great amount 
of study and research. The subject had indeed occupied his 
thoughts for many years, and many of the processes had been 
reasoned out in all their detail. But he desired now to present 
the discussion in greater completeness and upon a more vigorous 
basis of scientific evidence. The field widened as he proceeded. 
New avenues of research were disclosed. Following these, one 
after another, he developed conclusions which were unexpected, 
and new, and some of which were an interesting surprise to him- 
self. Sometimes he pursued these researches by the aid of math< 
ematics, and all the old ardor of his earlier years was rekindled. 
In several instances he made attempts to submit his methods and 
results to competent critics. His speculations on the influence of 
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ooBinic tides, and on meridional it v in tlie earths structuml features, 

' •' 7 

had been Hiibmitted, in 1S82, to Prof. James 0. Dana. Later he 
proposexl to bring them under the notice of Dr. J. K, Hilgard, 
of Washington; but no criticisms or judgments could be obtaine<1^ 
professor llilgard saying he was not familiar with that range of 
investigation. His conclusions on the evolution of heat by pro- 
cesses of cx>n traction he brought before the Ann Arlior Scientific 
Association (of which he was president) on the occasion of two 
meetings, in the hearing of professoi-s Harrington and Wead, 
likewise the subject of annulation of nebulous masses, and the 
width of the resultant ring, with a view of eliciting opinions. 
Twice Prof. Wead was invited to his studv for the discussion of 
certain points — especially M. Faye's modification of the •*nebular 
theory' as pi-esented xwComptvn Remlnf^ (xc, 6viT-4^{); but the sub- 
ject was new to Prof. Wead. 

Whatever new processes or results, therefore, there may be 
found in World Life were worked out by its author in complete 
isolation from all living thinkei*s. Very much of it was pioneer 
work, and the mathematical instrument employe<l had 1)cen long 
disused. lie felt that great danger existed of falling into some 
grave errors, and he knew that as soon as they were in print and 
beyond recall, there would be a class of scientific critics who 
would take any pains to demonstrate their smartness. He greatly 
deisired to submit points in his manuscript to the examination of 
experts, but there seemed to be nobody prepared to act in that 
capacity. He then>,fore luid to assumt'i all the risks or forego the 
public4ition. 

It was during the concentration of nervous and mental energy 
on this volume that he wjus called on, during the disability of Dr. 
B. F. pocker, }yoi\\ by the i>resident of the University and by Dr. 
Cocker himself, to conduct the latter* s class in si)eculative philos- 
ophy. He continued Dr. Cocker's method — a daily lecture — and 
he here drew upon his manuscript volume on ''Intelligence and 
Religion;'' and he put a synopsis of the '^Theistic Argument' 
into printed form, in all its ramifications, for the use and at the 
instance of his class. In a similar manner he condensed, into a 
synopsis of eight octavo pages, his whole work (yet unpublisheil) 
on ' 'Intelligence and Religion." In couse({uence of this double 
duty it appears that one of the s(H:»ondarv effects of the malady 
with which he was sufiTering, as made appai-ent by the post mor- 
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tcm examiaation, was iutiMisifietl, and caused a tonn>oraiy dis- 
ablement. It was manifested in continued headache, and Dr. 
Dnnster, of the medical faculty, was called for advice. He ex- 
pressed the opinion that mental effort too unremitted had pro- 
duced a chronic congestion of the capillaries at the base of the 
brain. Whether the diagnosis as to cau.se was correct or not, as 
to effect there can now be no question, since the blood vessels at the 
])ase of the brain, as well as in other parts of the body, and es- 
pecially the aorta, were ''congested" and contracted by ossification. 

Dr. Cocker having deceased in April, the Univei-sity Senate re- 
quested Prof. Winchell to deliver a memorial discourse on the 
Sundav of Commencement week. This was delivered on June 
24, and it was published in ptimphlet form by the Univei-sity. 
Dr. Cocker had been intimate with Dr. AVinchell for manv vears. 
Their community of study had affiliated them, and a touching 
personal regard was felt mutually. Nothing could excel the 
reverent, tender and beautiful tribute which he now paid to the 
life and personal character and the work of his lost colh^ague. 
He wrote tender and appreciative memorials of several of the 
University faculty when decea.sed, but into none of them did he 
throw the ardor of his love and the ix>lisli of rhetorical expres- 
sion and the searching analysis of character that marks this paper. 
It will probabh' long remain the model, par excellence, of obitu- 
ary memorials of deceased professors at Ann Arbor. 

His * 'World Life, or Comparative Geology" was issued in 
November, 1883. Its scope is set forth modestly in the oiKining 
passage from the preface as ''a thoughtful view of the processes 
of world formation, world growth and world decadence." The 
subjects discussed are the most elevating and sublime within the 
range of human knowledge. It was well received by the i>ublic, 
as well as bv scientific critics. 

One of the ablest works of the day. In involves conceptions whose 
tremendous scope takes one's breath- -before whose awful magnitude 
even imagination hesitates appalled; but among these vast themes Dr. 
Winchell moves with the assured step of a familiar. — Chicayo Timett. 

This volume is Dr. WinchelTs masterpiece. It furnishes us a mag- 
nificent survey of universal structural cosmogony, such as has not hith- 
erto appeared.- Methodist QiMrterly JierieiCj Jan., 1884. 

There is something verj' fascinating in the book, so grand and simple 
are its generalizations, so vivid is its panorama of the mighty courses of 
creation, so like a romance of the heavens does it read, with its orderly 
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evolution of dramatis persona' rising out of the limitless spaces, passing 
across the astronomical stage and descending again" into the depths 
whence they rose. Tt is a work of immense learning. — New York Honie 
Jounu/L 

The systematic and very comprehensive way in which the author has 
treated most of the important questions of the day that concern equally 
the sciences of astronomy, geology and physics, makes the work a most 
timely one, and the candor, research and independent thought which 
have been given to this task are points of excellence that the scientist as 
well as the popular reader will appreciate. * * * * A perusal of 
the book has led the writer to think that it is one of the most important 
contributions to science that has appeared in America, at least for rears. 
— TJw. iSifffreal Messenf/rr. 

We know of no other work in which the reader can And a full, con- 
nected and systematic presentation of the results of cosmical research 
that will compare with this. — Popular Sctfriee Month y, Feb., 1884. 

1884. Tn rupid succession appeanMl **Oeological Excursions,'' 
a rudimentary lK)ok for young learners in geology, and ^'CJeolog- 
ieal Studies," a text-lK)ok of higher grade, both published by S. 
C. (ii*iggs & Co., of Chicago. The immediate instigation to the 
preparation of the former was a re<[uest for such a work from a 
Boston publisher. It appeared in May, 1884. It is on a plan 
entirely new among text-l)ooks of geologv. The etfort was made 
to do for geok)gy what lias been done especially for botany, in 
directing tlie learner's attention to the characters of some of the 
most familiar objects, instead of putting before him an array of 
abstract definitions, tlieories and classifications which cannot be 
appreciated by those faculties in easiest and most active exercise 
in the child. 

He cimtributed an article to the llomlletir Monthlif (N. Y. ) in 
March, which appeared in a '-Symposium' on the question: "Is 
the Darwinian theorv of evolution reconcilable with the Bible?" 
Other writers in this symposium are Rev. Drs. Patton and McCosh 
of Princeton, and Dr. (tuUiver, of Andover. He contributed 
matter amountinir to 45,000 words to "Johnson's Animal Kiuij- 
<lom Illustrated, " mainly on zoological topics, and distributed 
through 22 difiTerent articles. This was pnblishe<l in the early 
part of 1885. 

1885. In the Supplement to "McClintock and Strong's Cyclo- 
j^edia" appeared his article on Evolution. This is a general ex- 
position of the subject — its definitions, history, doctrines, pr<K>fs, 
speculations, tlKK>ries and literature, consisting of l>,OiK» words 
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lli.s Gctdoylral Stndum, on which he spent his leisure in 1885, 
was l>egun in November, 1884. The work ha« the same simple 
inductive method as Gtuloyicai Exrurxiona. The treatment is 
based largely on American g(H)logy. This work was interrupted 
})y the Ann Arbor meeting of the American Association for the 
Advancement of Science, for which he prepared three communi- 
cations, on TItt; Gcnhtfif of Ann Arhor^ one on Sources of Trend 
and Crnatal SHrpluna(f*\ and the third on Sfronuitojwroid)t. Tlie 
second paper appears in condensed form in the Proceedings, and 
in the American Journal of Science, December, 1885, in full. 
His third paper was orally presented in the Biological Section, 
and was illustrated l)v a series of micro-photographs of his own 
make, designed to show the interior and cellular stnicture. 

1S8G. At the solicitation of Eev. Dr. J. 11. Vincent, of 
(Miautauqua fame, he contracted in December. 1885, to supply 
the manuscript for a work, afterward publishe<l as Wafkit and 
Tafks in the Geoloiflcat Fittd^ to be ready by April 1, 188<). His 
* 'Geological Studies' was in press, his daily University duties 
were exacting, his professional interruptions were numerous and 
aggravating, but this exacting contract, on which he labore<l 
assiduously, was complied with, and the manuscript was written 
by February 15, and was in the publishers hands March 19, 188t). 
^Meantime from various directions came midtiplied solicitations to 
write and to lecture, and to some of them he felt constrained to 
yield. Among them was a mjuest for an article for The Fornni. 
The subject of this essay was JSriencf and the State. Another was 
A WaJh' nndcr the S«'a. written for I'reamnre Trove, New York. 
Le<»tures were deliveivd in Chicago and Rockford, 111., and in 
several places in Michigan. 

Earlv in ^Fav he delivered a series of lectures ])efore the Rose 
Polytechnic Institute, at Terre Haute, Ind.— meantime receiving 
proofs daily from his publishers in Chicago and Cincinnati. 
Later he drew uj). at the reiiuest of the director of the T^. S. 
(jrcological Survey a manuscript of 102 i)p. devoted to a history 
of the past geological surveys in >Iichigan. 

As he passed thi-ough Chicago, July 1, on his way to the wilder- 
ness of northern Minnesota, he received fromS. C. Griggs &Co., 
the fii-st finished copy of his Geological Studies, the same day on 
which his Walks and Talhs was put on the market from Cincinnati. 

An engagement hsui bi^en made in March with the Minnesota 
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Geological Survey to spend the summer in field-work in the ex- 
treme northern portion of that state, north of lake Superior. 
Accordingly he left home June 28, and did not return till Sept. 
29. Three months were spent in arduous and trying work on the^ 
Archaean rocks in a wilderness far removed from civilization and 
mail connections, where for seven weeks at a time no opportun- 
ity existed to send or receive a letter. The survevs were con- 
ducted in birch bark canoes, along the rocky shores of hundreds 
of small lakes, and the passage from lake to lake was made over 
'^portages." His work extended into twentA-four townships. 
He noted and studied the rock-outcrops at 890 localities, and 
passed over 12;^ portages whose aggregate length was 43 miles. 
These }>oi'tages are foot-trails, more or less blind, through forests, 
swamps and hilly districts and at times are extremely arduous, 
even to one having nothing to carry. The observations made 
were important, and were found to throw much light on some of 
the problems of Archaean geology. The report on this work, in 
its ofTicial form, was published in the rifteenth Annual Report of 
the Minnesota survey. 

1887. Having lectured in Oct., ('8()) at the Wayland TeacherV 
Institute, and at Chicago in November, where he found himself 
'^posted, after the lecture in an advertised place where people who- 
came to the lecture to sev ////i/,could take him by the hand and speak 
a word," and in Memphis, Tenn., where he was welcomed and 
entertained with the greatest cordiality, but where the clergymen 
declined on Sundav to make announcement of his int<Mided Sundav 
evening lecture on Scuurc C/triafittnitt/'g AUt/j at Middletown, Ct., 
before the students, at Meriden, Ct., at Detroit and Armada, 
Mich., he spent the most of his leisure in the winter of 1880-87 in 
thest\idy of Archa?an problems connected with the preparation of 
his first Minnesota report. Tn March he received the provisional 
otfer of the directorship of the Arkansas (reological Survey, then 
lately instituted, but in reply he imposed such conditions, (vizi 
that one half of his time should be spent at Ann Arbor) that the 
governor sought some one who could devote himself entirely to 
it, subsequently appointing l*rof. J. Q. liranner. Tn May he 
prepared a chapter on Oeolot/f/ and the ]iihl*\ published in 
Detroit in a volume styled tSiffnaJ Liyhta^ and others for the- 
Jfomih'tir Ri'vli>ii\ Stn'Mg (Voms, and Forum and prepared a descrip- 
tion, with drawings. of a skeleton of Plattjijonua comprt'SHUH found in 
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vifinitv of a poat IkmI wost of Oss(h^), Micb.* In June he (lelivered 
the comnieiieenieiit address atOgdeii College, Bowling ( J reen, Ky. 
iuid on June 24th was at Sault St. Marv, Mich., where he entered 
on an examination of the original Huronian region under the 
auspices of the Minnesota survey. At the banquet at the semi- 
centennial of the University of Michigan he represented the 
Fniversity of Bologna, in a brief address which is incorporated in 
the published volume devoted to the occasion. 

On the Minnesota Survey he spent another season of arduous 
field-work. The observations which he made he considered verv 
important, and they furnished the basis of several communica- 
tions to scientific periodicals. The plan of the season carried 
him not only over the original Huronian area, but also over the 
iron regions of northern Michigan and Wisconsin, and finally into 
the area of the Animikie in northern Minnesota. He entered with 
great zest into the study and discussion of practical <|uestions 
touching the stratigraphic relations of the older terranes, aiul his 
rapid noting of inspection carefully made in the fiehl afforded a 
vast ma.ss of data the discussion of which, in their full and final 
:scope, he was never able to complete. July 11* he gave a public 
Jeiture at Ishi>eming, Michigan, on ErolHtlon, and Dec. 2(5, he 
read a paper before the Society of Naturalists at New Haven, 
^Connecticut. 

18S«S. He united with several other geologists in the establish- 
ment of the Amnirftn GcolngUt, the first number of which 
Appeared i>efore (*hristmas, 1S87, and throughout all its volumes 
mav be seen the evidence of his zeal in its behalf. 

He laid plans now to undertake the thorough examination and 
^liscu.ssion of the data of the Archiean rocks. He not only pro- 
|K)sed to investigate their field-relations, but their petrographic 
•chanicters. He supplied himself rapidly with the necessary 
literature and apparatus. Although the undertaking was vast, 
jind his health was precarious he entered upon the subject with 
the thoroughness and aml)ition of a man not yet out of his third 
decade. A new field of science was opened before him, and with 
the undaunted front which he alwavs lK>re before such difficulties 
he resolutely attacke<l its strongest redoubts. He was annoye<l, 
however, by applications for lectures and popular articles. These 
Jie now mostly dcH*lined — only a)>pearing before the Brooklyn 

♦Mentioned In the AmerirHn ih'ohnjfHt^ vol. 1, p. 07. 
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Institute, the Syracuse T'nivei*sity, the Univei'Hity Convocation at 
Albany, N. Y., and some places in Michigan. 

At the Cleveland meeting of the American Association for the 
Advancement of Science he gave orallv a statement Iwfore 
Section K. of some < 'Systematic results of a field study of the 
Archaean rocks of the Northwest.'' At a meeting of geologists 
for tlie organization of the (rcological Society of America he wjis 
the chairman, and he also presided over the * 'organizing commit- 
tee, ' lH)th then and suhge(iuentl3' at the meetings at Ithaca, and 
wais continued as chairman of tlie same committee for the pur- 
l)ose of preparing the permanent constitution and perfecting the 
organization. 

A series of papers which he began in the Amkrican Okolimjist 
on ••(leology as a means of culture" were amplifie<l and extended 
into a small volume which was conclude<l in November. This 
little work, entitled *^Shall we teach (i<»ology?" is intended to 
show that geology is adapted to younger pupils than generally are 
allowed to study it. Showing that it has those educational (jual- 
ities that make it worthv of the highest esteem in a school curric- 
ulum, and that it is the result of a traditional prt»occupancy of 
the field bv other branches, that it is not admitted into the grades, 
that precede the college course, he calls attention to the obstacles 
that lie in the way of a reform. The language is vigorous and 
<Urect, and the work has already produced a reflective reconsid- 
eration of school coui>>es in several important educational centres. 

ISSJK In pursuance of his Archwan studies he engaged in a 
iwiew of American opinion on the Presilurian rocks, and com- 
munkiated his results to the eighteenth i*eport of the Minnesota 
survey. This review absorlxMl a vast amount of time and patient 
research. It is characterized bv the fairness exhibited in the con- 
densed statements of results and opinions of earlier geologists, 
and it forms a useful and very valuable comi)end for reference. 
At Toronto he presented further results of his work in northern 
Minnesota. At this place the revised constitution of the (ieologi- 
cal Society of America was reported an<l finally approved. He 
had seen the whole history of this enterprise from the time it took 
some definite shape at Clevelaiul. ().. till it ha<l its fii-st public 
mi»eting for tlie reading of papers, at Toronto, and had nurstnl it 
faithfully. He was gratified now to know that it had ac([Uire<l 
the semblance as well as the substance of a healthful organization 



oapable of self-H«pport. At the m**eting of Section E he pre- 
8ente<l a paper on The geohyijival poaition of the OyUhhe conylom- 
ertitf',. hi which heincliiie<i to consider it as an integral part of the 
Keewatin formation. Tn 1889 he made several h^cturing trips, 
Yix., Ada. Ohio, Madison T'niversity, (N. Y.)r (rreenville and 
Hastings, Mich., Buffalo, N. Y., Hartford, (^t. , and contributed 
various minor papers to journals, iuclnding a memorial of I>r. 
Henry S. Frieze, who had long been his colleague in the Univer- 
sity of Michigan, put>lished in the University VhroiMf. 

1 890. The amount of work which he accomplished the last 
year of his life, as indicated by the diary and the fiehl-uotes. 
which he kept, is amazing. A literal trjuiscript of the^m wouki 
still but partially express it, since his regular clas» and museum 
and lalK>ratorv labors are not given in detiul. A roan in his state 
of health generally spares* himself, by curtailing hin <Luly lalx)r^ 
but it was quite the contrary with him. His work l)eeame more 
burdensome and multifarious. He shirked nothing. He did not 
even decline to answer the numerous letters which sought trivial 
information — some of which recjuired several pages. He lectureil' 
in Chicago^ Bowling Green, Hamilton, St. Paul and I>i»tr«it. Tfe 
was several times in Washington, New York or Boston, to attend 
the meetings of the Organizing Committee of the International 
Tcmgress of Geologists, and the Council of the G(K>logical Society 
of America. In the summer he was geologist to- the Rocky 
Mountain club, which made an excui*sion from St. PauL traveling 
4,J)71 miles in l.-> states and territories, attended the scientific 
meetings at Indianaimlis, where he presided over the Geological 
Society of America, projected, and in conjunction with the in- 
terested prof€*ssors at Ann Arbor, prepared a memorial, accom- 
panied by detailed plans, urging additions to the scientific laliora- 
tories of the University, presenting the same before committc*es 
and before the full Board of Regents, made a geoli>gical survey 
of a region near E(»ho lake in Ontario, on which he Iwised his last 
communication to the Geological Society, "A last wonl with the 
Hurojvian," made a. lengthy. itJHjxwise to.a U>iwX '^ -The. University,'* 
at a bancjuet, in Detroit. He was president and director of the 
University Musical Society, president of the Boaixl of the Wes- 
leyan (ruild, for which he prepared a pamphlet, giving its consti- 
tution, plan and purposes, president of the Trustees of the Meth- 
odist Episcopal church at Ann Arbor, and was just elected presl- 
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dent of the (leologieal Society of Aiiiorica. His letter-lxHjk for 
1890 eontaiins 487 copied lettei-s. Ilis publi.shed manuscript 
amounts for 1 HOG, to 295 octavo pages, and that which remains un- 
published is estimated at about li)0 pages more. 

1891. This year was becrun with the same restless activity an<l 
far- reaching pbins. but he soon found himself incapacitated. His 
sickness was brief, and he died, as already detaileil. on February 
19, 1891, when he was but little pa.st ()G years of age. 

II r HIS SCIENTIKIC WORK. 

The most of Alexander Winchells work was scientific, but as 
he followed his researches in their remote ramifications he found 
himself articulating with other fields, and making the acquaint- 
ance of scholars who did not consider themselves scientists. All 
his pix>ce.s.ses and conclusions, howev(»r, were characterized b}' 
strict adlierance to scientific evidence and methods. He ditfered 
from most scientists in that he did not hesitate to follow any line 
of investigation, although it was but secondary to his main pur- 
pose. Thus he was e<|ually at home in most of the ''natural 
sciences" and in mathematics, astronomy, philosophy and 
ethnology. "NVlienever his many-sided genius inspired him to 
enter u[Km a c<:)urse of .systematic study, his fertile pen, with a 
ready comman<l of apt expression, recorded his oliservations and 
his thoughts, and this constitute*! much of his scientific work. 
He sometimes lamented that he was so ''fatally balancefl" that his 
energies, insU»ad of being turned unitedly to one object were per- 
petually distracted by the i)rosecuti<m of all in succession. His 
achievements, however, in almost any one of the sciences in which 
he la)x>rtHl, wouUl con.stitute an honond)le reconl, and when they 
are considered in their aggregate they mount up to a sum total 
which it seems almost imix>ssible for one human life to com- 
pass. 

It is not ix)ssible. nor perhaps would it be apimipriate and 
profitable, here to enter upon an analysis of the scientific publi- 
<'ations of Alexander Winchell. nor even to attempt to i>oint out 
those facts and i<leas which he added to the sum of human 
knowledge. The discriminating .student, of the future, will be 
able, from the following list, to identify his imblications. and to 
a.scrilK' to each such value as it may descry e. 
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XlST OF THE PlBLrsiIEI) WoRKS (»F ALEXANDER WlNCIIELL, LLD. 

lS50-18in. 
I80O. Abstract of Meteorological Observations at Amenia Seminary in 
1849. lieport N. Y, liegerUn. 1850. 

1851. Catalogue of Plants found growing without Cultivation in the 

vicinity of Amenia Seminar^'. Heport N. Y, Regents, 1851, pp. 
256-279. 

1852. On the Cold of the Month of January at Eutaw, Alabama, and on 

the Aurora Boreal is of Sept. 29, 1851. Amer. Jour. Set. d- ArU, 
2d. Series, xiii, 1852, p. 294. 
185JJ. On the Geology of the Choctaw Bluff. Proe, Amer, Assoc, Adv, 
8ci., vii, 1853, pp, 150-158. 

1854. On the liOcation of the Agricultural College. Mich, Agri, Rept, 

1854, pp. 348-35«. 

1855. On the Pursuit of the Natural Sciences. [Read before the State 

Teachers' Assoc-. ] yfirh. Journ, Edar.^ ii. 1855, pp. 153-161. 

1855. The Shell Marls of Michigan. Mich. Farmer, Sept., 1855, pp. 257- 

259. 
1850. On the Imjwrtance of the Study of Natural History: [Read before 

the State Teachers' Assoc, 19 Aug., 1856.) Mich. Journ. Edue. 

iii. 1856, pp. 297-308. 

1850. Notes on the (leology of Middle and Southern Alabama. Proe. 

Amer. Assoc Adc. Set'., x. 1856, pp. 83-93. 

1856. Statistics of some Artesian Wells of Alabama. Proe. Amer. Assoc. 

Ado. Set'., X. 1856, pp. 94-103. 

1857. Theologico- Geology; or, the Teachings of Scripture Illustrated by 

the Conformation of the Earth^s Crust, an Address delivered 
before the Bible Class connected with the Methodist Episcopal 
Church, Ann Arbor, Michigan. . .Ann Arbor: Pamphlet. 1857. 
8^ pp. 24. Printed by Davis & Cole. 

1857. Guide to the Pronunciation of Scientific Terms. 1857. 12^ pp. 12. 

1857. Table of Cretaceous Rocks in Alabama. Proe. Acful. Nat. Set., 
Phila., ix, 1857, pp. 126. 

1857. On HairAVorms. J/tV/f. Ff/rm^T, July, 1857, pp. — . 

1857. Superficial Deposits of Michigan and Alabama. Jlarptr^s Qeol. 

Rep. of Minn., ia57, 316-318. 
185S. Voices from Nature, Creati«m the Work of One Intelligence and 
not the l^roduct of Physical Forces, being the closing lecture of 
a course upon Geology and Natural History, <lelivered before 
the Young Men's Literary Association of Ann Arbor, Mich. Pub- 
lished by request of the Association. 1858. 8° pp. 26. 

1858. Address before the State 'Teachers' Association, Ann Arbor, 20th 

Dec, 1857. Mich. Jonrn. Ednc. Jan.. 1858, pp. 615. 
185S. Report on the Michigan .Journal of Education. Mifh. Journ. 

Edue. Jan. 18.58, pp. 26-27. 
1858. Synoptical View of the Geological Succession of Organic Types. 

For the use of Students in the University of Michigan, and 

printed at their requost, May, 1858. Ann Arbor. 8^ pp. 7. 
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1859. LeaV^B from the Book of Nature. Micii. Journ, Eduf. ii, 1868. 
pp. 74-77, 97-100, 133-i;:J6, 160 173, 193-197, 225-229, 257-263. 305- 
. 310, 353-856. 

1858. ADniial Ueport of Miohigaii State TeacherH* Association. Mich. 

Journ, Eflue, Sept. 1858, pp. 271-278. 
1858.' Outltoes of the Geology of Michigan. Mielt^ Farmer, Dec, 1858. 

1859. Memorial Relative to a Geological Survey. Iltnutf JJoc, No, 29^ 

J^'ffMrture of 1859. pp. 10. 

1859. Scenes ami Incidents of the Coal Period. Mich, Jo^tirn, Educ^ 

vi, 1859, pp. 13-20. 
1859. A Chat About Teeth. Mt>h. Journ, Efhtc, vi, 1859. pp. 20-25. 
1859. Popular Solution of the Pemhilum Problem. Mir/i, Journ, EtUtr,^ 

vi, 1859, pp. 27-29. 
1850. Public Instruction in Upper Canada. J//V/t. Journ. Editr., vi,1859, 

pp. 48-52. 
1859. Another Chat About Teeth. .}fi*'h, Journ, Ednf., vi, 1S59, pp. 53- 

59. 
1H59. Museum of Comparative Z«MHogy at Cambridge. 3firh, Journ. 

Edur,, vi, 1859, pp. 134-141. 
1859. Id Mo<le a Property of the English Verb? J/<V/i. Journ, Ednr.^\'\, 

1S59, pp. 157-159. 
1S59. Public Instruction in Michigan. Mich. Journ, Educ^ vi, 1859, pp.. 

305-314. 
1H59. What Makes the Successful Teacher? X\\ Address Delivered at 

Pontiac, August l^<, 1859, before the Michigan State Teachers' 

Association. [From the Tr*ni9, of thf Attnor. for 1859. | Ann 

Arbor, 1859. S^ pp. 22. 
1S.59. How Shall our Standard of Primary Instruction be Klcvated? 

Mich, Journ. Edw\, vi, 18.-)9, pp. 433-436. 
1859. Reorganization of the Agricultunil College. Mich. Journ. Edue, 

vi, 1K59, pp. 474-476. 
1K59. Report of the Visiting Committee, State Normal School. [A 

Criti<!i8m, on.) Mich, Journ. Educ, vi, 1859, pp. 476-477. 
1859. Is Natural History an Appropriate Study for Youth? Mich, 

Journ. Educ,^ vi, 1S59, pp. 477-47M. 
lSf)0. The Cycles of Matter, or the Permanence of tlie Karth and the 

Destiny of the Race. Mir/t, Journ. Edur,, Aug., 1860, i)p. 373-2S0. 

1861, First Biennial Report of the Progress of tlie (teological Survey of 

Michigan, embracing observations on the Geology, Zodlogy, and 
Rotany of the Lower Peninsula. Made to the Governor, 
Deceml)er 31, 1K(J0. By Authority. Lansing. 1H61. Ss i)p. :J39. 
18<»2. "5 Notice of the Rocks lying between the Carboniferous Limestones 
of the Lower Peninsula of Michigan and the limestones of the 
Hamilton (trouj); with tlescriptions of some Cephalopods sup- 
posed to be new to Science. Auwr. .Journ, of .sv/., 2d series, 
xxxiii, pj). :{52-366. 

1862. Salt Manufacture of the Saginaw Valley. JIuuCh Mtrrhantn May- 

azinr, Sept. l«r,2, pp. 209-223. 
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1862. On tlie Saliferous Koeks and Salt Springs of Michigan. Amer, 

Jmtrn, of Set, 2d series, xxxiv, pp. 307-:Ul. 
^ i - '- \^ 1862. Descriptions of Fossils from the Marshall and Huron Groups of 
. ' ' Michigan. Prot', Amd ^iU, Sei. Phila,, xiv, IH62, pp. 405-430. 

1868. On the Identification of the Cattsicill Red Sandstone Group with 

the Chemung. Anwr. Joiirn, Sri d' ArtM, 2d series, xxxv. 1^3, 

pp. 61-62. 

. ', 1863. Descriptions of Fossils from the Yellow Sandstones Mng beneath 

. ^ the "Burlington Limestone** at Burlington, Iowa. Proe, Arad, 

Nat. Set. Phila,, xv, 186:1, pp. 2-24. 
^ ' 1862-4. Voices from Nature. iMdies' llepo$ilorj/, xxii, 1862, pp. 396-400, 

488-492, 518-522, 577-581, xxiii, 18<53, pp. 46-51, 72-74, 149-15:^ 
201-204, 269-272, 385-390, 456-460, 518-520, 625-628, 678-684, 745- 
747, xxiv, 1864, pp. 31-33. [Sixteen articles.] 

1863. Suggestions on the Nature, Method, and Subjects of Sunday- 

School Instruction. Proc. Sunda^-Sfhool Aaaoe. Washtenaic DiW., 

1WJ3, pp. 8-15. 

'.v_l863. Description of Elephantine Molars in the Museum of the Uni- 

,. f^^* versity of Michigan. Catiaduv} XaturnlUt^ Oct. 18r>3, pp. 398-400. 

— '^ , 1864. Keport Historical and Statistical on the (Collections in Geology, 

/ ,. * ' , • ~ Zoology and Botany, in the Museum of the University of Mich- 

,y ^ igan, made to the Board of Regents, Oct. 2, ^863. Ann Arl)or: 

Published by the University. 1864. 8*=^ pp. 26. 

1864. Notice of a small collection of Fossils from the Potsdam Sand- 

stone of AVisconsin and the Lake Superior Sandstone of Michi- 
gan. Amer. Jfmn*.. Sri. cf* Aria, 2d series, xxxvii. 1864, pp. 226-233. 

1864. The Oil Region of Michigan. Description of the Baiter Tract, 
situated in the heart of the Oil Region of >tichigan. Detroit, 
1864. 8*^ pp. T. Republished in Am^r, Journ, Sci, it- Arts, 2d 
series, xxxix, p. 350. 

1864. Notice of the Remains of a Ma8to<lon re(!entlv discovered in 
. Michigan. Amer, Journ. Srienee <(• Ar(%, 2d series, xxxrili. 18<>4, 
pp. 223-224. 

1864. Description of a Gar-inke, supposed to be new— Lepidosteus 
(Cylindrosteus) oculatus. Pror. Aeod, Xat. Sri. PhiUt., xvi, 1864, 
pp. 183-185. 
^ 1864. Geological Map of ^[ichigan. Published by S. Geil, Philadelphia. 

1864. On the Origin of the Prairies of the Vaih^y of the Mississippi. 
Amer. Jour. Sri. <(• Arttt, 2d series, xxxviii, 1864, pp. 332-344. 

1S64. Postscript to Prof. Wincheirs article on the origin of Prairies. 
Ahier. Jmtrn.Sri. rf- Artn, 2d series, xxxviii, 1864, pp. 444-445. 
. 1864. Meteorolojri^al Obserx'ations atEutaw, Ala., and Ann Arbor, Mich. 
Smith$ohitia yfeteA>rologiral ObHerrtiiioiiH, 1864. 

1864, On the Currant Worm of Ann Arbor, Michigan. Amer. Journ. Sei. 
iH' Arts, 2d series, xxxviii, 1864, p. 291-292. [Condensed from an 
article in the Detroit /'V/r Prenn of July 9, 1864.) 

1865. The Soils and Subsoils of Michigan. An Address delivered be- 
fore the Executive Committee of the Michigan State Agricul- 






tural Society in liepresentative Hall, at Lansing, Thursday even- 
ing, January 19, 18<I5. Publislied by order of the Legislature. 
Lansing. 1805. 8^ pp. m, 

18fio. On the Oil Formation in Michigan and Elsewhere From a re- 
port on tho "Baker Tract," near Lakeport, St. Clair Co., Michi- v, 
gan. Amer, Journ. Sri, ot* Artfij 2d series, xxxlx, 1865, pp. 350-853. 

18(>5. An Act to provide for tlie completion of the Geological Survey. 
Jfieh, LfgMHire Proc, Fel). 10. 18(m. 

ISO."). Notes on Selandria Cerasi, Harris, as it occurs at Ann Arl)or, 
Mich. Proe, Boston Sor. XaL IlisL, x, 1865, pp. 321-325. 

1865. Geological Report on Certain Oil Lands lying in the Counties of 
Sanila<> and St. Clair, Mich., comprising in all about 31,000 acres. 
Detroit, 1865. 8-' pp. 8. With map. 

1865, Descriptions of New Species of Fossils, from the Marshall Group 
of Michigan, and its supposed equivalents in other States; with 
Notes on some Fossils of the same age previously described. 
Pn)r. Ar^id, Xnt. Sri, PIiUm., xvii, 1865, pp. 109-133. 

1865. Report on the Museum of the University of Michigan. Proe, 
Board of Regents for 1865, pp. 4. 

1865. Some indications of a Northwanl Transportation of Drift Material 

in the L')wer Peninsula of Michigan. A'tirr, Joar/i. Sri. d- ArU^ 
2d series, xl, pp. 331-3;58. 

1S<J6. Note oil the Geology of Petroleum in Canada West. Amrr. Journ, 
Sri. a- Arts, 2d series, xli, 1866, pp. 176-178. 

lH<j6. Report on the Oil Lands of Lambton County, Canada West. De- 
troit, 1866. 8^ pp. 15. With maps. 

1S66. Report on certain Oil Lands in Wetzel County, West Virginia. 
1866. 12 pp. 3. 

1866. The Grand Traverse Region. A Report on the Geological and 

Industrial Resources of the Counties of Antrim, Grand Traverse, 
Benzie, and Leelanaw, in the Lower Peninsula of Michigan- 
Ann Arbor, 1866. 8" pp. j)7. With map. [Embraces notices 
and descriptions of 50 species of fossils.] 

1H66. Geological Report on the Lauds of the Neff Petroleum Company, 
lying in Knox and Coshocton Counties, Ohio. H pp. 11. With 
map and section, .Tune, 18tf6. 

1866. A Plea for Science. An Address delivered in Morrison Chapel, 
Kentucky University, Commencement Day, .June 2H, 1866. Cin- 
cinnati, 1H66. S pp. 30. 

188(S. The Fruit-bearing Belt (»f Michigan. Pror. Amrr. Ass^r. Adr, Sri., 
XV, 1866, pp. 84-91. 

1S66. Stromatoporidii': Thi'ir Structure and Zoological Aftinities. Pror. 
Amt'r. Amhoc, Sri., \\\ 1S()6, pp. 91-91>. 

1S66. (With Prof. Oliver Marc\ i. Enumeration of Fossils collected in 
the Xiagam Tiimestone at Chicago, Illinois; with Descripticms 
of several New Sf)ecies. }frwoir8 HoHton Sor. Xnt. Ilint.^ i, No. 
1, pp. Hl-li:i, Sei>arate. Two plates of illustration^. 
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/l./4^ ^Vy 1860. ReiK)rt on the Museum of tlie University, Sept. 20, 1800. Printed 

by the Board of Regents. ^' pp. 12. 

1867. Peat ia Michit^an. Lenritfa Pent Journal, i, No. 1. 1867. 

1.S67. Address on Public Geological Surveys, and the Geological Sur- 
vey of Kentucky, in particular. Delivered in response to a res- 
olution of the House of Representatives on Friday evening, 
February Ist, 18(>7. Franlifort, Ky., 1867. 8 pp. 21. 

1867. Synoptical View of the Geological Succession of Organic Types. 
Second edition. Ann Arbor. 1S<JT. S^ ])p. 10. 

1867. Man the Last Term of the Organic Series. Ann Arbor. 1867. 
8 pp. H. [From Vnirer»ity }fug(tzine.\ 

1 , /^.^^ 1807. Report on the Museum of the Universit}', Sept. 21, 1867. Pu))- 
c' lished l>y the Board of Regents. 8 pp. 12. 

1868. The Onward March of the Race. Unicenity Mtiffaztne, ii, 1808. 
Separate, repaged. Spp. s. 

., ^. 1868. Report on the Museum of the University, Sept. 24, 1868. 8 pp. 15 
^1 ^'l>' AVith plate. 

1860. Syllabus of a Course of Lectures on Geology to be delivered in 
the University of Michigan in the Months of March, April and 
May, 1869. Ann Arbor. 1809. 8^ pp. 13. 

1809. The Old Age of Continents. Wtstn-ii Monthly, April, 1869, pp. 
210-215, royal 8 \ 

1809. The Boulder of '09. Vnicemity Jfitgazine, May, 1869, p. 4. 

1869. A Grasp of Geologic Time. Wrsteru Monthly, June, 1869, pp. 
;569-374. 

1869. Tai)le of Geological Equivalent*. Otology of Tvnn., 1869, pp. 
;m4-365. 
\ }^ 1869. Descriptions of Fossils from the Silicious Group of Tennessee. 
J , * Geology of Tmn,., 1809, pp. 440-446. 

, *, , * 1869. Outlines of a Proposed Final Report of a Survey of the State of 

, ; . * Micliigan, to be made in pursuance of an Act approved March 

^ • 20,1869. Ann Arbor. 18(j9. 8" pp. 8. 

-^ ' 1869. Rei>ort of Operations in the Museum of the University of Michi- 

gan in the Department of Geology, Zoology, and Botany, and 
the Department of Arclueology and Relics. For the year end- 
ing Sept. 21, 1869. Ann Arbor. 1869. 8 pp. 11. 
1869. Genealogy of the Family of Winchell in America: embracing the 
etymology ahd history of the Name, and the outlines of some 
' collateral genealogie.*^. Ann Arbor. 1869. 8' pp. 272. 

1869. The Mineral Fertilizers of Michigan. Hep. Depart. Agrie. WanJi' 

ington, 1809, pp. 

1870. Syllabus of a Course of Lectures on Geology, to be delivered in 
«^ tlie University of Michigan, in the months of February and 

March, 1870. Ann Arbor. 1870. 8^ pp. 18. 
1870. Sketches of Creation : A Popular View of some of the Grand 
Conclusions of the Sciences in reference to the History of 
Matter and of Life. Together with a statement of the intima- 
tions of Science respecting the primordial condition and ultimate 
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destiny of tlie Karth and the Solar System, with illustrations. 
New York: Harper & Brothers, Publishers, Franklin Square. 
1810. 12' pp. 4oU. 

1H70. Schedules of Instructions for Observers and Collaborators [on the 
Geological Survey]. 1870. 8^ pp. 7. 

1870. A Geological Chart: Exhibiting the Clagsification and Uelative 
Positions of the Uocks, and the various Phenomena of Strati- 
graphical Geology, together with an Indication of Geological 
EquivalentH, the most important American and Foreign Syn- 
onyms, and numerous Typical Localities, with an actual Section 
from the Atlantic to the Rocky Mountains. Harper & Brothers, 
Publishers, Franklin Square, New York. Size, 4 ft. by 7 ft. 

1870. A Key to a (ieological Chart. 8 ^ pp. IS. 

J 870. Report of Operations in the Museum of the University of Mich- 
igan in the Department of Geology, Zoology, and Botany, for the 
year ending Sept. 10, 1870. Ann Arbor. 1870. [Published by 
Board of Regents.] 

1871. On the Geoloirical Age and Equivalents of the ^fai^hall Group. 

Proc. Amer, Pfnlos. Soc, xl, 1S71. pp. 57-82, 385-418. 

1871. Notices and Descriptions of Fossils from the ^larshall Group of 
the Western States, witli Notes on Fossils from other Forma- 
tions. Proc. Amer. Philos, Soc, xi, 1871, pp. 245-260. 

1871. Report on the Progress of the State Geological Sur\'ey of Mich- 
igan. Presented to the State Geological Board, Nov. 22, 1870. 
By authority. Lansing. 1871. 8 pp. 04. 

1871. The Geology of Berrien County Michigan. Directory of Bemtn. 
County^ Feb., 1871, pp. 

1871. The Isothermals of the Lake Region. 7 Vo/*. Amer. Ahsoc. Adv., Sci., 
xix, 1871, pp. 100-117. With two charts. 

1871. The Climate of Michigan. 8 pp. 8, with two charts. 

lvS71. The Climate of the Lake Region. Ihn^ir'B Mtiffazi/n', July, 1871, 
pp. 275-285. 

1871. Scientific Education. Cfremoniett and Siurchtti oi the Dtalirotifm of 
Oramje Judd Hall tf Nat. Sri,^ MtddMoirn^Ct,, pp. 87-68. 

1871. The Soils and Geological Features of Michigan. Th£ Travelvr 

London, J'Jnf/., i, 1871, p. 5ti. 
181 L Report of Operations in the Museum of the University of Mich- 
igan in the Department of Geology, Zo<")logA% and Botany, and the 
Department of Archaeology and Relics, for the year ending, 
Sept. 23, 1871. Ann Arbor. 1871. fPublislied l)y the Board of 
Regents.] 8 pp. 12. 

1872. Manifestations of Power In ('reation. Stnidoy Srhool Journal^ 

.Jan., 1872, pp. 4-6. 
1872. Manifestations of intelligence in Creation. Sunday SehoolJournal^ 

Feb., 1872, pp. 25 27. 
1872. Manifestations of Beneficence in Creation. Sunday SdioolJ on nial , 

Marcli, 1872, pp. 50-51. 



1873. ThP Search for Knowledge. The Chronicle {Uniw Mirh.), May. 

1S73, pp. 
1872. Keport of a Geological Survey of the Vicinity of Belle Plain, Scott 

County, Minn. Printed by order of the Senate. St, Paul. 1872. 

8 pp. 16, with cut. 
1872 Is God Cognizable by Reason ? V^eth, Qiuirt. liec, liii, 1872, pp. 

442-446. [Separate, with additions.] 
1872. A<lmis8ion to the University. What is required in Botany, 

Zoology, and Geology. Mfeh. Teacher^ viii, 1872, pp. 147-151. 
1872. The Unity of Creation. Sunday School Journal^ June, 1872, pp. 

122-124.* 
1872. The Keligiou8 Nature of Man. Sunday School Jotimal, July, 1812, 

pp. 145-147. 
1872. Moses and Geology. Sniahiy School Journ^tf, Aug., 1872, pp. ITl- 

172. 
1872. The Mosaic Deluge. Sunday School Jounyil, Sept., 1872, pp. \m- 

195. 
1872. Man in the Light of Geology. Sunday School Journal, Oct., 1872, 

pp. 211)-221. 
1872. Finiteness of the Existing Order of Things. Sunday School Jour- 
nal, Nov., 1872. pp. 241-243. 

1872. The Bible in the Light of Nature. Sunday School Journal^ Dec, 

1872, pp. 51-58. 

1873. [Supplement to] Moses and Geology. Sunday School Journal, Jan. 

1873, pp. 13-14. 

1873. Report of Operations in the Museum of the University of Mich- 
igan, in the Department of Geology' and Botany and the Depart- 
ment of Archjrology and Ethnology, for tlie sixteen months end- 
ing Januarj' 14, 1873, 8' pp. 20. 

1873. The Modem University. An Inaugural Address as Chancellor 
of Syracuse University, Fel). 13, 1873. 8= pp. 37. [Also included 
in Addresses and Other Exercises at the Inauguration of Alex- 
ander AVincli ell, etc., etc. pp. 43-79.) 

1S73. Speecli at the Laying of the Corner Stone of the Sage College of 
the Cornell University, IMay 15, 1873. 12' pp. 17-30. 

1878. Tlie Diagonal System in the Physical Features of Michigan. 
Amc)\ Journ, ScL ArU, 3d series, vi, 1873, p[>. 36-40. 

1873. The Geologj' of the Stars. Boston.* Est es & Lauriat. Half Hour 
Itccreatvms in Pop, ScL, No. 7, pp. 255-286. 

1873. The Unity of the Ph3'sical World, I. Facts of Co-Existence. 
Meth, Quart. Itet., Iv, 1873, pp. 181-205. 

1873. Report of the Syracuse University. Addressed to the Central 
New York Conference, Sept. 24, 1873, pp. 4. 

1873. Michigan. Being Condensed Popular Sketches of the Topog 
raphy, Climate and Geology of the State. 8° pp. 121, with 8 
lithographic and colored charts, extracted from WaVfng's Atlas 
of Mich. 
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1874. The ITnity of the Physical World, II. Facts of Succession^ 

Meth, Quart, Met,, Ivi, 1874, pp. 28. 
1874. The Doctrine of Evolution: Its Data, its Principles, its Specula- 

tions,and its Theistic Bearings. Xew York: Harper & Brothers,. 

Publishers, Franklin Square. 1874. 12' pp. 148. 
1874. Report of Syracuse University to the Board of Regents of the 

University of the State of New York. 187th lleport of the 

liegents, 1874. 
1874. Report of the Syracuse University, April J^ 1874. To the Con- 
ferences of the Methodist Episcopal Church in the State of Xew 

York. 8^ pp. 4. 

1874. Syracuse University. Annual Report to the Board of Trustees,. 

Presented June 23, 1874, and ordered printed. 8 pp. 17. 

1875. Religous Ideas Among Barbarous Tribes, ^feth. Quart. R^c,^ Ivii,. 

1875, pp. 5-27. 

1875. The Religious Nature of Savages. 3feth. Quart. Uew^ Ivii, 1875,pp. 
857-878. 

1875. Thoughts on Causality, with References to Phases of Recent 
Science. I'rans, Albany In»t.^ Feb. 4, 1875. 

1875. Syllabus of a Course of Lectures on Geology, to be delivered in 
the Syracuse University during tlie Winter Term of 1874-5,. 
Syracuse. 1875, 8^ pp. 32. 

1875. School of Geology in the Syracuse University. 8 pp.4. [Pro- 
ject of.] 

1875. Supposed Agency of Ice Floes in the Champlain Epoch. Scien- 
tific Montfily, Toledo, Oct., 1875, pp. 

1875. Supposed Agtency of Icc-Floes in the Champlain Epoch. Amer^ 
Jour. Set. <t* ArtH, 3d series, xi, 187(», pp. 225-228. 

1875. Rectification of the Geological Map of Michigan. Froc. Amer^ 
Assoc. Adc. Sci., xxiv, 1875, pp. 27-43. 

1875. Plan of Advanced Courses of Study in Geology and Zoology.. 

Published by Syracuse University* 12 pj). 6. 

1876. Climate and Time. A Review of CroU's Climate and Time. In- 

temational Eev., July- Aug., 1876, pp. 51 U 526. 
1876. The Dawn of Life. A Review of Dawson's "The Dawn of Life.'^ 
International Rev. ^ July- Aug., 1870, pp. 541-544. 

1876. God in the World. A Review of Cocker's Theistic Conception of 

the World. Meth. Quart. Ret., Iviii, 1876, pp. 511-520. 

1877. Huxley and Evolution. Aftth. Quart. i.Vr., liv, 1877, pp. 289-305. 
1877. Preadamites. McCUniock and Sirvngs Cyclo. Bib., Thiol., and 

Eccle. Lit. 1877. 

1877. Reconciliation of Science and Religion. New York: Harper & 

Brothers, Publishers, Franklin Scjuare, 1877. 12' pj). 403. 

1878. Adamites and Preadamites. Syracuse, X. Y.: Jolin F. Roberts. 

1878. 8" pp. 52. [Reprint of ten articles in -y<>rM<?/vi C/<ri*f*«;t 
Advocate, Pamphlet]. 
1878. Mastodon and Mammoth. Published by Prof. H. A. Ward from 
articles in New York Tribune, Aug. 17, 1878. 8 pp. 10. 
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1878. University Control. Read before the University Convocation, 

July 10. Ninety'fir$t Annual Report of the Regents of the Unicer- 
sity. 8"^ pp. 12. 

1879. Syllabus of a Course of Lectures on Geology, Delivered before 

the State Normal School at Potsdam, N. Y , May 1981, 1879. 8° 
pp. 7. 

1879. The Sanitary Geology of Nashville, [Tenn.]: or, the Geological 

Structure of Nashville in Relation to Drainage, Springs, Wells, 
and Cellars. 8° pp. 14. Report of the Nashville Board of 
Health. 1878. 

1880. The Metaphysics of Science. North Amer. Rer.^ Jan., 1H80. pp. 

69-84. 
1880. Syllabus of Courses of Lectures and Instruction in General Geol- 
ogy, with References to Sources of Information. Ann Arbor: 
Sheehan & Company. 1879. 8'' pp. 115. 

1880. Preadamites; or, a Demonstration of Existei^ce of Men before 

Adam. Together with a Studj"^ of their Condition, Antiquity, 
Racial Affinities, and Progressive Dispersion over the Earth. 
With Charts and other illustrations. Chicago: S. C. Griggs and 
Company. London: TrUbner & Co. 1H80. S pp. xxvi, 500, 8 
charts, frontispiece, 57 woodcuts. 
,^ 1881. Geology of Washtenaw County, Michigan. [Extracted by per- 
mission from the History of Washtenaw County.] Chicago: 
Charles C. Chapman & Co. 1881. 8 pp. 80. Hisf, Wmhtenaw 
Ospp. 141-172. 

1881. The Study of Mankiud. A review of Taylor's Anthropology. 

The Dial^ Chimyo^ 1881, pp. — . 

1881. The Human Career. A review of Lesley's Man's Origin and Des- 
tiny. Th' Dial, Oct., 1881, pp. — . 

1881. Sparks from a Geologist's Hammer Chicago: S. C. Griggs & 

Co., 1881. 12= pp. 400. 20 illustrations, 
y 1881. The Climate of Micljigan. A paper read at the Annual Meeting 
of the State Horticultural Society, Dec. 7, 1880. [lixtracted 
from the Annual Report of the Society for 1880.] 8 pp. 11. 
Ann. Rep. i^tate Hort. Soc, 1880, pp. 155-163. 

1881. James Craig Watson. [Biographical Sketch.] Arn^r. Jour. Sci. 

c(- Art8., xxi, 8d series, 1881, pp. 62-65. Separate, repaged, pp. 6. 

1882. Address at the Funeral of Prof. James Craig Watson, Ph.D., 

LL.D. Mrmorinl Afhfrense^, pp. 21-26. 

1882. University of Michigan. A Memorial Discourse on the Life and 
Services of Rev. Erastus Otis Haven, D. D., LL.D., Professor in 
the University from 1858 to 1856, and President of the Univer- 
sity from 1863 to 1869, and late Bishop of the Methodist Episco- 
pal Church in the United States. Delivered in Univer ity Hall, 
by request of the Senate, Nov. 6, 1881. Published by the Uni- 
versity, 1882. 8 pp. 57. Pamphlet. 

1S!^2. Ancient Myth and Modem Fact, llie Dial. Chicago, ii, April, 
1-^H2. pp. 284-286. [Review of ** Atlantis": The Antediluvian 
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World, by Ignatiua Donnelly. Illustrated. New York: Harper 
& Broth t-rs.] 
1H82. Prof. Adam's "Manual of Historical Literature.'' The Dial, li, 
April, 1882. pp. 290-291. 

1882. The Speculative Consequences of Evolution. A Lecture before 

the Summer School of Christian Philosophy, at Greenwood 

Lake, July IH, 1881. Christian Philtt»ophy quarifrly, April, 1882, 

pp. 1-30. 
1H82. Report on the Use of Microscopes in the University. ProcudiiKjn 

Board of Begmt$, June, 1882, pp. 201-212. 
1888. A Scientlstic Romance. Review of Donnelly's Ragnarok. I'he 

Dial, Chicago, January, 1883, pp, 207-209. 

1883. The Experiment of Universal Suffrage. North Airnr, Rerirw, Feb. 

1883, pp. — . 
1883. Incipient Communism in the United States. North Amcr. lirnnr, 

March, 1888, pp. — . 
1883. The use of the Microscope in Geology. The Mirrottrope. Feb.,1883. 
1883r Forms of the Theislic Argument. 8 vo. 8 pp. Pamphlet. Jan., 1883. 
1S83. Commemorative Address on the late Prof. B. F. Cocker, J). I). 

Delivered in accordance with a resolution of the University 

Senate, in University Hall, June 24, 1883. 8vo. 35 pp. Published 

by the University. 
1883. Critique of M. Joly's, "Man before the Metals." T/u Din I, Chicago, 

July, 1883. 
1883. World-Life or Comparative Geology, 12 mo. pp. xxiv, and 642, 

with 59 illustrations. S. C. Griggs «fc Co., Chicago, 2 Nov. 
1S83. The Perils of the Arctic. Review of the Voyage of the Jennette. 
Thr Dial. Chicago, Nov., 1883. 

1883. Secular increase of the Earth's mass. Sriencr, ii, 820-21. Dec. 28, 

1888, Chemical NetOM, London, Mar., 1884, 

1884. Sunset Glow in a Clouded Sky. Seienre, iii, 4, Jan. 4, 1884. 
1884. Limits of Tertiary in Alabama. Sciernf, iii, 32; Jan. 11, 1884. 
1884. Symposium: Is the Darwinism Theory of Evolution Reconcilable 

with the Bible? If so with what Limitations? The ILmihtic 

Monthly, Mar. 1884, pp. 846-9. 
1884. Homer and Schliemann, a Review of "Troja." Th^Dial, Chicago, 

March, 1884, pp. 269-72. 
1884. Coordination of Mind with the Cosmos. A Review of the Duke 

of Argyll's "Unity of Nature." The IHal, Chicago, May, 1884. 
1884. Geological Excursions, or the Rudiments of Geology for Young 

Learners. 12 mo. pp. v. 284, with 87 illustrations in the Text. 

Chicago, S. C. Griggs & Co., 16 May, 1884. 
1884. Thoughts on Science Teaching. Index, 12 July. Also a separate 

Pamphlet,12 mo. 16 pp. 
1884. Our Remote Ancestry. North American Jit rietr,Hei)i , 1884, pp, 

246-57. 
1H84. Darwinism. Article in Encyclopedia Britanica, Amer. Reprint. 

Supplement, vol. ii, Oct. 18; 15,000 words. 
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ls84. [Johnson^s Natural Histor}'.] Revisions and Additions in 22 
articles. Total 46,000 words. 
' 1885. America before Columbus. Review of Xadaillac. The Ditil, 

Clilcago, Feb., 1885. 
1885. Evolution. Article in McClintoclt and Strong's Oyclopediti, Mar., 
1885. 9,000 words. 
* 1885. Anthropomorphism. MetfunlUt Jiern-u), New York, July, ISSt^, pp. 

510-35. 
1885. Why should a Clergyman Acquaint Himself with Science? 

Ilomiletic Monthly, Aug. 1885, pp. 100-111. 
1885. Provisional Analysis of Stromatoporoids. Pamphlet, 2 pp. 28 

Aug., 1885. 
Ift85. Meeting of the Amer. Assoc, at Ann Arbor. Amer, Jour. Sri. (iii.) 

XXX, 322 24, Oct., 1885. 
iss."). Notes on some of the Geological Papers Presented at the meeting 

of the Amer. Assc , at Ann Arbor. Amer. Jour. Sn. (in), xxx, 

815-17. 
1885. Scheme of Undergraduate Geological Study. Pamphlet, 4 pp. 

Oct., 1885. Published by the University. 
1885. Sources of Trend and Crustal Surplusage in Mountain Structure. 

Amek Jour. Sri. (lil), xxx, 417-20. Dec, 1885. 

1885. Ann Arbor water-works. A Christmas Inauguration. The Chmn- 

ieltj Ann Arbor. Dec, 1885. 

1886. A walk under the Sea. Trenmre Trore, New York. Feb., 1886. 
18S6. Sources of Trend and Crustal Surplusage in Mountain Structure-, 

Proe. Am. A*Mor. Adr. Sei., 1885, pp. 200-212. F*»b. 11, 1886. 
1886. Modem Writings bearing on the Relation between Intelligence 

and Religion. Ilomiletie lienew, Jan., 1886. 
1886. Science and the State. The Fortim, March, 1886, pp. 1-14. 
1886. Glacier Pressure in a new Light. TJu* Argonaut, Ann Arbor, 18 

March, 1886. 
1886. Glacier Pressure and Northern Submergence. The Argonaut. 10 

April, 1886, 
1886. Geological Studies, or Elements of Geology. For High Schools, 

Colleges, Normal and other schools. 

Part I. Geology inductively presented. 

Part II. Geology treated systematically, with 367 illu trations 

in the text. 12 mo. pp. xxv and 518. Chicago, S. C. Griggs & 
I Co. 1 July, 1886. 

1886. Walks and Talks in the Geological Field. 12 mo. 829 pp. New 

York, Chautauqua Pre^s, C. L. S. C. Department. 805 Broadway. 
1 July, 1886. 
fr 1887. Report of Geological Observations made in Northeastern Minne- 

sota, during thes«»a8on of 1886; accompanied by a geological map 
and 57 structural Illustrations. Published in the Fifteenth He- 
port of the Minuenota Geological Surrey. Aug.»1887. 

1887. Ignatius Donnelly's Comet. Publish ed in The Forum. Sept., 

1887, vol. iv. 
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1887. Recent Scientific Discoveries of Special Interest to Clergymen. 

Homiletic Jietiew, New York, Sept., 1887. 
1887. Geology and the Bible. Published in "Frw and T' (afterward 

''Siffnai Lights'*), Detroit, 1887. 

1887. Man and Evolution. Homiletic Bevieic. Dec, 1887. 

1888. The Unconformities of the Animikie in Minnesota. American 

Geologist^ Jan., 1888. 

1888. Geology in the Educational Struggle for Existence. An editorial 
in the American Geologist, Jan., 18S8. 

1888. Circular letter (Jan., 1888) to the teachers in the secondary Schools 
of Michigan, inquiring as to the teaching of geology in those 
schools. 

1888. Some Effects of Pressure of a Continental Glacier. American 
Geologist, March, 1888. 

1888. Geology in the Schools of Michigan. Second circular letter to 
the teachers of Secondary Schools in the state. March, 1888. 

18S8. Speculative Consequences of Evolution. Univ. of Mich. Philo- 
sophical Papers, Second series. 

1888. The Rights of Intelligence under Paid Service. Editorial in the 
Americfin Geologist, April, 1888. 

1888. The Taconic Question. American Geologint, June* 1888, vol. 1, 
pp. 347-868. 

1888. Geology as a Means of Culture. American Geologist, July and 
August, 1888, pp. 44-51, and 100-114. 

1888. Circular of] committee of Organization of the American Geo- 
logical Society. August, 1888, (with J. J. Stevenson^ Sept., 1888. 
With provisional constitution and by-laws. 

1888. American Geological Society. Second circular of the Organiz- 
ing Committee. Oct., 1888. 

1888. Geology and Culture. Read at the 20th Convention of the Uni- 
versity of the State of New York. Published by the Regents. 
Nov., 1888. 

1888. American Geological Society. Three circulars of the Committee 
ot Organization. 

1888. l^views of recent literature. American Ge4>logist. Dec. 1888, p. 

428-432. 

1889. Reviews of recent Geological Literature. American Geologist. 

Jan , 1889, pp. 48-50, 51, 58-55,57-59. 

1889. The Geological Society of America. Editorial in the American 
Geologist, Jan , 1889. 

1S8J). Advantages of Scientific Education. Methodist R*cttw, March, 
1889. 

1889. Report of a Geological Survey in Minnesota during the Season of 
1887; Embracing comparative observations on some other re- 
gions. Published in the 16th Report of tlie Minnesota Surveyj 
pp. 138-508. > \ 

1889. Conglomerates enclosed in Gneissic Terranes. American Geolo- 
gist, March, 1889, pp. 154-105. 
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1889. Rejoinder to Or. Lawson. Editorial in the Ameriam Qeologiat, 

March, 1889. 
1889. Reviews of Recent Literature. Amerimn Geologist ^ March, 1889, 

pp. 197, 198, 199. 
1889. Two Systems Confounded in the Huronian. Am(*riean Geoiogiat, 

March,l889, pp. 212-214. 
1889. Conglomerated Enclosed in Gueissic Terranes. (Supplement.) 

American (kologisty April, 1889. pp. 256-262. 
1889. Douglass Houghton [with portrait]. Ameriatn Geologist^ Sept., 

1889, pp. 129-139. 
18S9. Views on Prenebular Conditions. American Geologist, Oct., 

1889, pp. 196 205. 
1889. Constitution of the Geological Society of America (as finally 

adopted), Oct., 1889. Pamphlet. 
1889. The Scientific Estimate of Christianity. Monthly Bulletin, Ann 

Arbor, Nov., 1889, pp. 19-24. 
1889. Charles Whittlesey [with portrait]. American Geologist, Nov., 1889, 

pp. 257-268. 
1889. Reviews of Recent Literature. Arneriain Geologist, Nov., 1889. 

pp. 303-308. 

1889. Interesting Norwegian Geology. American Geologist, Nov., 1889, 

pp. 314-320. 

1890. Some Results of Archtean Studies. Btil. Geol. Soc, Am., vol., 1, 

pp. 357-394, April. 1890, 
1890. Winter Meeting of the Geological Socitfty of America. Atnerimn 

Geologist, Feb., 1890, pp. 117-122. 
1890. Organization of the Geological Society of America; Historical 

Sketch of the Organization. (Prepared in accordance with the re- 

([uest of the Council). Bui. Geol. Soe. Am., vol. 1, pp. 1-6, Feb., 1890. 
1890. The Geological Position of the Ogishke Conglomerate. Proc. 

Am. Asse. Adp. Sfi., vol. xxxviii. (Abstract.) 
1890. The Wesleyan Guild at the University of 3Iichigan, June 6, 1890, 

pamphlet. 
1890. A list of 99 Kodak photographs taken in the summer of 1890, on 

the excursion with the Rocky Mountain Club. 

ir 

1890. Recent Views about Glaciers. The Forum, Nov., 1890, pp. 306-315. 

1890. Recent Observations on some Canadian Rocks. American Geolo- 

gist, Dec, 1890, pp. 360 370. 
1891.. American Opinion on the Older Rocks. Published in the 18th 
Report of the Minnesota Geological Surcey, pp. 65-226. 

1891. A Last Word with the Huronian. Bui. Geol. Soc. Am., Vol. ii, pp. 

85-124, Feb. 5, 1891. 

[Note. Several minor papers and reports known to have been prepared by him in 
1800 and 1891, are not yet piibliMhed, or at least have not tieen seen in print. He had 
also recently done some work on a revision of the fossils of the Marshall group for the, 
U. S. Geological Surrey, being a continuation, with illustrations, of his memoirs of 
1871. There is also, in manuscript, a work nearly completed, on Intelligence and Se- 
ligion^ and a large number of poems, essays and lectures. The foregoing list embraces 
nothing which was published in newspapers.] 
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IV. HIS OTHER WORK NATURAL THEOUKIY, PHILOSOPHY, EDl- 

CATION, HIS POPULAR LECTURES, POETRY. 

It would seem as if early in his professional career Dr. Winchell 
laid down a scheme of philosophical postulates and their conse- 
quences, making 1^8 in all, and that all his subsequent writings 
and stud}' were directed to the amplification and enforcement of 
this series. All the fundamental ideas of his later works and 
the ratiocination of his maturer years, whether published or un- 
published, may be found in germinal condition in this early 
scheme. These logical steps were published in 1860, in the 
Michiynn Jonnuil of Education; *"The cycles of matter; or the 
permanence of the earth and the destiny of the race." In the 
pursuit of this great theme he expanded the realm of geology 
over the entire history of the earth and its inhabitants, and over 
its associated worlds. When the inductive method failed him for 
lack of facts of observation he called to his aid imagination 
guided by logical relations. When he encountered man and ani- 
mate nature, as parts of this cosmos, he sought to adjust them 
to each other and to their origin and destiny in the light of what 
knowledge he had, and when the light was faint he strove to in- 
crease it by reiisonable speculation. Among his first writings of 
this kind was a series of articles on '* Christian Theologj' illus- 
trated from Nature,'' published in the North ir cute rn Christian 
Ailvortife, at Chicago. He was sensible that in these articles, 
which added much to the Butlerian method of ''Analogy, " there 
was still lacking an essential link, in that the validity of the cos- 
mological argument was assumed rather than proven: he then en- 
gaged (m an undertaking which he prosecuted with such diligence 
as his other duties would, permit, till the last year of his life — an 
attempt to establish the validity of the * 'argument from design," 
resulting in a work that he entitled < 'Intellect and Religion." to 
which he frecpiently refers as his * 'belated work,'* his work **many 
times begun." It went through varied evolution in form of 
argument and in its general title, having been begun as *'The 
Geologic Ages," revived as "A system of Natural Theology ' 
and left with the above title. The work remains unpublished. 

The burden of his educational labor lav in the direction of a 
widening of the avenues of natural science, and its introduction 
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into seeoiulary schools. He insisted that the young student is 
more observing than redeetive or analytic; that the education of 
the mind should Ik^ by an appeal to its most accessible and most 
l)owerful impulses, and that the influence of science on the human 
mind, especially in its formative stage, is more healthful to a 
normal growth, and more conducive to moral rectitude and more 
stimulating toward a right ambition than any other field of 
knowledge. He considered it a great mistake to fill the mind of 
the student with the quirks of an extinct syntax, and to '«edu- 
cate" him by familiarizing him w^ith the questionable doings of 
the mythical gods and goddesses of the ancients. He believed 
that there is as much mental and ethical culture to be derived 
from the study of natural science, when pursued with equal 
thoix)ughness and exactness, as from the stud}' of Greek or Latin 
literature or of mathematics. 

His greatest achievements in education, however, were won in 
his own class-room. He was a living example of what he urged 
upon his pupils. In his lectures he was aglow with enthusiasm, 
but it was an enthusiasm that was deep-seated, and a glow that was 
steady and strong rather than hot and flashy. No earnest student 
could carrv forward the course of study allotted to his depart- 
ment without receiving a conviction of the vastness as well as of 
the l)eneficent role of geology in human knowledge, and a pro- 
found sense of the grandeur of the thoughts which it inspires. 
He lal>ored diligently and long in the University of Michigan, 
and he erected a durable monument in the hearts of his students, 
many of whom have testified reverently to the high ideals which 
his teaching inspired. 

Along with his class-room work he condivcted systematically 
some laboratory investigations, and in these, whether in paleon- 
tology or in lithology, he always had the prasence and the atten- 
tive interest of some more advanced students. Owing, however, 
\k) rather adverse surroundings he was never able to equip a lalx)- 
nitory that was commensurate with the needs of his department, 
nor in harmony with his ideas of the importance of geology in 
the college curriculum. 

His largest educational field, however, was the public platform. 
Here he was under no constraint by reason of youthful auditors. 
No limits were set to his rhapsodic scientific elo<iuence. No 
courteous regard for the amenities of possible professorial eti- 
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quette bumpered the free flow of his criticism, or the exultant 
prophesy of the betterments of the future. All the tiekLs of all 
knowledge were open before him. He could cull from them what 
suited his theme or his purpose. His soul rose within him as it 
expanded to embrace and express the grandeur of his thought, 
or to enforce the steps of his argument. His style was deliberate, 
logical or argumentative, full of comparison and illustration, sel- 
dom impassioned, graceful in delivery, rhetorical, oratorical. He 
was not a (juick, impromptu speaker. His lectures had all been 
thought out, as to general trend, beforehand, but the particular 
phraseolog}^, and the adapted illustration were the product of the 
moment. His success as a public lecturer was due to the com- 
pleteness of his knowledge of his themes, the freshness and 
originalit}' of his conceptions and the graceful rhetoric with 
which he s[)oke. 

He was also a poet, '*very much of a poet,'' as stated by Prof. 
Harrington.* There is a tinge of poetic sentiment apparent in 
much of his scientific writing. Poetic comparisons, allusions, 
quotations, either directly metric or in prosaic form, are scattered 
through the more staid discourse, in such a manner that their 
author is revealed as one having a lively poetic sense and a com- 
mand of the l)est expression. Had he chosen to clothe his scien- 
tific outreachings into undemonstrated science in measure, he would 
have given to the English language much of the high cosmical 
poetry which Go?the gave to the German. Most of his metric 
compositions, however, were confined to topics of })ersonal and 
domestic nature, and some of them are particularh' apt and 
touching. The following is from his ix)em delivered 15 July, 1872, 
on the twenty-fifth anniversary of his class, at Middletown, Ct. 

Oh, there is a life, within our life concealed — 
The scene of con fl iota to no eye revealed — 
A shoreless depth, heaved in a starless night — 
Its billows swelling in resistless might- - 
And in the compass of its throes we see 
The conscious proofs of immortality. 

Nothing could exceed the beauty of his short poem **To m}' 
dear ones in Heaven,' (quoted by Prof. Harrington. 

In short, by his intimate knowledge of the higher relations of 
science to the good of man. and his sympathy with his nobler 

♦I'niversity memorial address, p. 24. 



a^phtitionH, Dr. Winchell's life and work stand to the young geolo- 
gist as a monament to the altruistic and humane side of science^ 
a field too often forgotten by investigators in the pursuit of ab- 
stract knowledge. His life and all his struggles were for the ele- 
vation of his profession, and the extension of its acceptance by 
humanity, upon whose support its progress depends. 



V. CONCLUSION. 

By the death of the senior member of the editorial lx)ard of 
the American Geologist, the science for whose furtherance the 
magazine was instituted and has been maintained, lost one of its 
most earnest and successful students and teachers. Alexander 
Winchell was well known on both hemispheres as a philosophical 
geologist of no mean rank, a memljer of that company — always 
small in comparison with the main body — who do not limit their 
energies to* one narrow field, but delight to range over the whole 
of their favorite science. No student now-a-davs can be an *<Ad- 
mirable Crichton," master of the whole of human learning. In 
early times such marvels were possible. Nature was nearly un- 
known, and the earnest worker, favored with leisure, money and 
brains, could traverse the entire field and gather the crop which 
others had raised. 

But with the rapid outward advance of the boundary line of the 
known and the corresix)ndingly rapid increase in the number of 
the laborers, the task of even hastih* running over so vast an area 
became too great for all save the few colossal intellects that the 
human race occasionally brought forth, and who tower alK>ve the 
heads of their fellows as intellectual giants. Even thase few 
grow fewer with the passing years, and ere long it will tax or 
transcend the highest powers of nature to produce such prodigries 
— not that nature is failing, but that life is too short and faculty 
too weak to recollect or s\'stematize the mighty mass of detail. 
Hence the rapidly increasing specialization of the present day. 

The limitations of power, time and means imposed on most 
students confine their labor within narrow areas, that can be kept 
well within their mental purview. By the multitude of such 
workers is the careful cultivation of the whole field secured. 
Hence the great and increasing value of the few gifted by nature 



144 JliC AluCrlrdh GtohHj}i<f, February, 1HI2 

with the larger or more iK)werful brains who if aided by time and 
means, or sometimes without them, can take a wider range and, 
entering into the labors of other men, can gather their results and 
combine them into one harmonious whole. 

These two orders of mind are totally different. The former is 
cumbered with details. The latter is often accused, but wrongly, 
of despising them. So far is this from the truth that such minds 
are usuall}' the most perfect masters of details. So perfect is 
this mastery that they never lose their way among them. As one 
traveling b}' compass may seem careless of local waymarks while 
following the higher guide, so minds of this order appear to go 
straight to their desired end as though led by a supernatural faculty 
that is perhaps incomprehensible by their fellows. 

Without claiming for Alexander Winchell the highest position 
among these leiiders of thought we think that every fair-judging 
scientist will at once allow that he deserves and will hold one of 
no mean rank. Himself a working geologist in the field, he was 
well acquainted with geological methods — a teaching geologist in 
the university, he was skilful in imparting his own knowledge, 
and in training others to habits of observation and investigation — 
a speculative geologist in the study, he l)oldly followed out the 
logical deductions from ids premises to their uttermost attainable 
limits. 

To those who knew him personally all this is j)erfectly familiar. 
Those who knew him only through his writings must l>e almost 
ecjually conscious of it. Few who have attended his lectures in 
the class-room or elsewhere can fail to testify that he possessed 
the rare and valuable ability of rousing interest and not unfre- 
<|uently enthusiasm in his students. None can read his Worhl 
Lif^ without realizing that scientific imagination of a high order 
impelled the pen that wrote under the control of the strictest logic. 

Mr. Hopkins, one of the few mathematical geologists of the 
fii'st half of the present century, used to complain that mathema- 
ticians did not read his geological papers, and that geologists did 
not read his mathematical ones. The complaint was well founded, 
and if now made by another of the same school would be but 
slightly less true. Few geologists are competent for the latter 
task, and few mathematicians for the former. Various causes, 
many of them inevitable and natural, are resj>onsible for this re- 
sult. But the remark of Rol>ert Mallett is not an exaggeration of 
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the truth that *'to make souncl progress all who profess to l>e 
oreologists must first become mathematicians, physicists and chem- 
ists. " 

In this respect Alexander Winchell was an exception to the 
rule. Without claiming rank as an eminent mathematician, a 
:standing which few working geologists can ever attain, he full}' 
Appreciated the immense advantages which his favorite science 
might obtain from the labors of her sister, and not a little of the 
fascination that attracted and held his hearers mav have been due 
to this willingness and abilit}^ to follow the mathematician in his 
reasonings, and even in his speculations on the pjist and the future 
of the earth. 

Among the works that came from the pen of our .lamented col- 
league no one in our opinion will take and hold a higher place 
than *' World Life. " In making this remark we do not intend 
to imply any comparison to the disadvantage of his other writings. 
These are and will long be of immense value, especiall}' in awak- 
•ening an interest in the study of geology among those who have 
not previousl}' directed an}' attention thereto. But others have 
written, and written well in the same wav, and with the same re- 
suit. We are not however aware of any systematic work in the 
English language that covers the field chosen by Alexander Win- 
chell in his '* World Life. " Largely drawn, as he himself is the 
first to acknowledge, from the writings of others too numerous to 
name, the data and the deductions are here thrown into a con- 
nected whole, so far as 'is yet possible, and with these scattered 
fragments of material the author has succeeded in laying the 
foundations of a new science — one in which the geologist no longer 
limits his attention to the earth, his home, but grasping as a cen- 
tral and cardinal priuciple the consanguinity of the univei*se, rises 
from terrestrial details to cosraical generalizations, and enlisting 
in his service the astronomer, the chemist, the physicist and tiie 
mathematician, deduces from their data the conclusions to which, 
given time and the continuance of nature's present order, they 
must inevitably lead. For these reasons we regard the work as 
the author's master-piece, and in spite of all its defects and errors 
which the future must supply or correct, we look on it as a monu- 
ment which will long testify to the high mental qualities and wide 
dntellectual grasp of the man and the geologist. 
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To the publication of »' World Life'' may be aHcribed the intro- 
duction to the reading world of the new science of comparative 
geology or planetolog}'. The domain which xUexander WincheU 
then entered had never before l)eeu trodden by human foot, save 
where here and there one and another had stepped across its line 
and had left his few footprints on the surface of the untraveled 
wilderness. Carefully mapping all these scattered and divergent 
tracks, he delimited the known, and starting from this base, he 
carried as by an initial triangulation, his original and independent in- 
vestigations into the unknown beyond. Or, changing the figure^ 
the known laws of physics furnished a sure and safe basis of 
reasoning, and combined with the observations of the astrono- 
mer, enabled him to venture off the firm ground of sense into 
that region of speculation — not of fancy — that was 

Neither sea, nor good dry land, a dark 

Illimitable ocettn, without bound, 

Without dimension, where length, breadth and hight. 

And time and place are lost; 

The realm of Chaos and Old Night. 

— Milton. 

In this chaotic region he has laid the foundations of a new em- 
pire — a new science — a science that shall one day read to us the 
history of the planets and the stars — the science of astro-geology, 
as he himself has happily termed it. 

The conceptions which ''World Life'' brings before the reader 
are such as beggar the loftiest and wildest fictions of eastern or 
western fancy, and forcibly illustrate the beautiful words of 
Playfair that '^Reason can sometimes go where imagination dares 
not follow." 

Dealing with masses immeasurable, with aeons incalculable and 
with conditions of temperature, pressure, etc., totally incompre- 
hensible, he pictures before his readers the beginnings of being, 
the universe in its birth, and depicts the evolution of the various 
spheres through their periods of incandescent 3'outh and cool ma- 
turity, to their ultimate extinction in cold and darkness — a des- 
tiny inevitable to worlds that move. Schiller sings, in his "(lods 
of Greece:'' 

Sure as the peudulum*s dead beat, 
Mere slaves to gravity and heat. 

The theme was a congenial one. and the author revelled among: 



the scenes which his pen was portraying, indulging to the full that 
highest of all the faculties, a scientific imagination, whose exist- 
ence and activity were indicated by the dreamy, far-off look not 
infrequently to be seen in his eyes. The feelings that the subject 
stirred within him maj' be seen in the following passage: — 

* • The firmament is careering in infinite space. Our homes are 
rolled along at seven hundred miles an hour, and are transported 
sixty-eight thousand miles in a day by the revolution of the earth 
in her orbit. The sun with his entire family is sweeping through 
immensity with a possible velocity of two hundred thousand 
miles an hour. And there must be some common motion of the 
whole inextricable maze of moving stars with a velocity to which 
fancy may assign what rate she pleases without restraint from 
science. This mighty waltz of cosmic dancers is joined h\ the 
gauzy nebulae, animated as our own firmament by their own inter- 
nal motions. In the midst of this universe of seething move- 
ments is our appointed home. The mind uplifted in the effort to 
<'onteniplate them and grasp their method grows giddy and impo- 
tent. How sublime these activities. To what a numerous and 
lofty companionship does our little planet belong. Hard it seems 
to be imprisoned here while the realm of a universe tempts us to 
its ex})loration. How can human souls content themselves to 
roll and whirl through space during their mortal days and eat and 
sleep and trifle, like rats in a ship at sea, without wondering 
where we are and whither we are lx>und."* 

It will scarcely surprise any one to learn that a man so much 
in advance of his time, whose conceptions of nature were so far 
ahead of those that then prevailed and to a less degree prevail 
-still, should become the victim of suspicion and persecution. 
This '^deadly original sin of the Reformed Churches,' as llallam 
has termed it, has not yet been reformed out of existence. It 
lingei-s still, and sometimes manifests in one way or another all 
its old strength and bitterness, as many of the leaders of science 
■can fix)m their own experience testify. Those who venture to 
doubt what the majority believe, or to believe what tlie majority 
doubt, must prepare themselves to stand almost alone — the posi- 
tion of the advanced guard everywhere and always. They must 
find what comfort they can in the thought that in the long run the 
majority' are usually wrong, and that the right is always at fii*st 

♦Slightly condensed from **World Life.'' 
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with.the minority. True that human life is often too short to 
take in the long run, but in the present case we rejoice to know 
that our brother geologist lived to see much of his work accepted, 
and to realize that the unthinking many are coming on rapidly to 
acknowledge the rightness. or at all events the rights of the far- 
seeing few. 

We need not repeat here the details. Such animosities are bet- 
ter buried in the limlx) of oblivion as soon as possible, but all 
who have followed or are familiar with the life of Alexander 
Winchell. will recall, by the references already given to his per- 
sonal life, the events to which we refer. We conclude with a re- 
newed expression of our regret that by his death' American geol- 
ogy has lost one of her foremost students and exponents, and 
that philosophical geology, the world over, has lost one of the 
few who combine the various faculties and attainments' re<[uisite 
for the successful prosecution of this exalted study. 
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JOHN FRANCIS WILLIAMS.* 

By J. F. KE>fPf Columbia CoUejre, ^«»w York. 

The name of Dr. John Francis Williams will alwavs be asso- 
eiated in American geolo«:y with those of Newton, Irving and 
Lewis. His life, like their lives, was one of brilliant achieve- 
ment, of great future promise and of sad untimel}* termination. 
Although his accomplished results were great, yet coming as they 
did, early in life, his friends could but regard them as indicative 
of the future, and there is thus together with grief for his loss, 
the regret that so many possibilities are nullified. 

Dr. Williams was born October 25, 1862, at Salem, the county 
seat of Washington (%>., N. Y., situated about forty miles north- 
east of Trov. He was the only son of John Martin and Frances 
A. (Shriver) Williams, who with his one sister survive him. His 
boyhood was passed at the l)eautiful family home, until at twelve 
years he was placed in St. Paul's School, Concord, N. H. Leav- 
ing this in 1 880 he entered the llensselaer Polytechnic Institute 
at Troy. He completed the studies of the course in Civil Kngi- 
neering, and graduated in 1HS;{, with th(; degree of C. E. Like 
many geologists he began thus his scientific work in the engineer- 
ing school, but found his tiustes inclining irresistibly to pure as 
contrasted with applied science. During August. lS8:i, he wa.s 
assistant engineer for the Albany, Rutland and (franville R. R., 

*Thia memorial wan originally prepared for the Gkolooist, but at the 
request of the secretarj' of the Geological Society of America, it was 
read at the Columbus meeting, December 29, 1891. 
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but in the fall. following he became assistant in chemistry and 
natural science at his alma mater. He was brought especially 
under the influence of. his teacher and warm personal friend, 
Prof. Henry B. Nason, whose influence was largely instrumental 
in shaping his subsequent career. During this period he made 
the tests of slates from the region about his home, whose pub- 
lished results are subsequently cited. In 1885 the Polytechnic 
Institute conferred on him the additional degree of B. S. 

During the summer of 1884, he traveled in northern Europe, 
visiting the North Cape and the mines of Sweden and Norway. 
In the autumn, acting on the advice of professor Nason he matri- 
culated at the university of GOttingen, and became one in a long 
and honorable list of American scientific men who have received 
their preparation at this famous seat of learning. While at 
(rJHtingen his work lay especially in mineralogy and petrography 
under the guidance of professor Carl Klein, now of Berlin, and 
in chemistry under professor Victor Meyer. 

In the spring of 1885 he traveled through Italy and Sicily with 
professor Klein, and later was assigned the subject of his thesis 
in one of the extinct volcanoes of the former land. Througli 
professor Klein, Dr. Williams came to know personally professor 
Rosenbusch of Heidelberg, to whose kind advice he was after- 
wards indebted in his American work. During the Italian trip 
referred to above, professor Klein had been given some specimens 
of igneous rock from Monte Amiata, an extinct volcanic pile that 
rises near the classic lake Trasi menus and forms the highest peak 
in Tuscany. They proved of such interest that they were en- 
trusted to Dr. Williams, as suggestive for his thesis. With char- 
acteristic energy and thoroughness he proceeded to the region in 
1 885, and accompanied by a Swiss helper and a local Italian 
guide, he spent several weeks on the mountain, either camping or 
lodging in the little country inns. After his return to Gottingen 
he anticipated taking his doctorate in the summer of 188(), but 
the sudden call of profeSsor Klein to Berlin, necessitated holding 
the examinations in the spring. He received his degree magma 
cum laude. His thesis was afterward publi.shed in the Neues 
JaJtrhuch, and gained great praise in America as well as abroad. 
The paper is accompanied l)y four partial and twenty -two com. 
plete analyses of rocks, and bj' an elaborate map and three pano- 
ramic views. Its special interest lies in this. It traces the differ- 
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oiiees ill rock types throughout one great, single, eruptive mass, 
which is shown in its central part to be a trachyte containing 
hypersthene and labradorite, hut which passes toward the l)orders, 
at times into liparite, at times into andesite. 

Pix)fessor Klein desired Williams to go to Berlin, become his 
assistant, and continue his career in Germany. For a time in 
188G the offer wtus accepted, but finally Dr. Williams returned to 
his home, and in 1 SH7 became director of the technical museum 
of the Pratt institute in Brooklyn. The duties consisted in arrang- 
ing and caring for very excellent collections of minerals and rocks, 
but the desire for wider opportunities for scientific investigation 
led him in 1889 to become honorary fellow at Clark University, 
Worcester. While in this relation he received overtures from 
professor J. C. Branner, director of the geological survey of Ark- 
ansas to descrilx* the igneous rocks of the state. Dr. Williams 
secured leave of absence from Clark and entered on his Arkansas 
work as a volunteer, without salary', in October, 1889. In the 
summer of 1890 he was made honorarj^ docent at Clark. This 
title, like his previous one, carried no salary with it, and merely 
afforded him a work room and lieadtjuarters, which, however, were 
soon transferred to Little Rock. Evidently his relations with the 
University were not regarded as anything very serious, for no 
mention of them appears in his final report. 

Dr. Williams found a wealth of interesting material in Ark- 
ansas, and as the i-esult of his collecting he published in 1890 
the papers on Manganopeetolite and Kudialyte cited below. In 
the fall of 1890 he returned to Arkansas and completeil his work, 
remaining, with one or two trips east, until the summer of 1891. 
He had meantime accumulated the materials for his final and 
greatest work, Volume If. of the Annual Report of the Geologi- 
cal survey for 1890, and entitled the Igneous Rocks of Arkansas. 
The volume, which Avas distributed in December, contains 432 
pages, 891 of which are b}' Dr. Williams alone. They give an 
accurate and exhaustive petrographic description of the syenites, 
elaeolite-syenites, leucite-syenites. the variations of all three, and 
describes the basic dikes which pierce them. Perhaps the great- 
est interest lies in the identification of leucite in these rocks, and 
in establishing (.^retaceous leucite-syenites as a new variety, espec- 
ial Iv as leucite has Jiitherto been considered to be limited to the 

ft 

later volcanic rocks. The report is accompanied by beautifully 
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exeeuU'd topogi'aphic maps and by many illustrations. Much of 
its success was made jwssible by the cordial support given Dr. 
Williams by professor Branner, but it bears on every page the 
marks of tireless and painstaking scholarship. Professor Branner 
bears witness in the preface to the enthusiasm and energy M'ith 
which Dr. Williams carried it through, and the writer of this 
memorial, who was also associated in some minor portions of the 
work, can truthfully testif}' to the consuming interest which ani- 
mated him. Dr. Williams h'ad been appointed assistant geologist 
on the survey in 1891, and in this capacity' his name appears in 
the re^K)!!. In 1891, in connection with Dr. K. X. Brackett, he 
carried on investigations in certain minerals of the kaolin group, 
which appeared in the Amer. Jour, of Science in July last. 

In June, 1891, the position of assistant professor of geology 
and mineix)logy l>ecamc vacant at Cornell University, and Dr. 
Williams received the call. Tie accepted, and after making the 
western excursion of the Geological Congress, attempted to take 
up his duties. But weakness and disease were already laying a 
heavy grasp on him. A severe attack of the so-called grip in 
March last had sapped his strength, and ill-advised methods of 
work had aggravated its results. Dr. Williams worked well but 
not wisely, and protracted his labors till two and three in the 
morning — such habits are specially injurious in the climate of 
Arkansas — and at last reduced him to the shadow of himself. 
The tax upon him was too severe and his constitution finally gave 
way. Paral^'sis attticked him and after an illness of about two 
weeks he passed away on the 9th of November, being just 
twenty-nine years of age. 

It has never been the lot of the writer to know intimately a more 
generous, frank and loveal>le man than J. Francis Williams, and it 
is impossible to speak of him without feeling the deepest emotion. 
ITis character was such as to indescribably endear him to his 
friends and his abilities and preparation for his work were of the 
highest order. His results were such as to secure for him in 
all the future one of the most honorable places in the records of 
Amercan geological science. 
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THE PRE-CRETACEOUS AGE OF THE METAMOR- 
PHIC ROCKS OF THE CALIFORNIA COAST 

RANGES. 

By Haiuili) \V. Faikbankh, B. S., of Sun Die^o, Cal. 

While engaged upon the State Geological Survey, during the 
past summer, I was called on to make an examination of Shasta 
and Trinity counties. At the close of this work, the main range 
of the coast mountains wjus followed southward through Tehama, 
Cohisa, Lake and Xapa counties, nearly to Martinez. 

The results obtained, while of a most interesting nature, ditfer 
so radically from those of former investigators in this field, that 
though T am satisfied that they are, in the main, correct, yet I 
feel some diffidence in proposing them on account of the opposite 
views held by so many well known geologists. 

If my views are correct it seems very remarkable that such 
serious mistakes should have l)een entertained with regard to the 
Coast Range geology, not only by the former state sur\'ey, but 
also by most of the other students in this field up to the present 
time; and it is apparent that, from the earliest beginnings of 
geological work in this state, the relation between the metamor- 
phosed and unmetamorp hosed rocks of the ranges near the coast, 
from San Diego to Del Norte counties, has been entirely misun- 
derstood. 

The views which 1 hold, based almost entirely ui)on field study 
in the region in (question, and which I can substantiate by actual 
occurrences, are the following: 

1 . The impossibility, from a physical standpoint, of drawing 
the line between the Coast Ranges and the Sierra Nevada. 
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2. The metamorphic rocks of the Coast Ranges are pre- Cre- 
taceous. 

3. The Coast Ranges and Sierras are a unit as regards time of 
ttie main upl^eaval and metamorphism. 

4. The upheaval and metamorphism of the Coast Ranges as well 
as Sierras is pre- Cretaceous, and consecjuentlj' the slates of the 
gold belt cannot be considered Cretaceous. 

5. The presence of pre- Cretaceous eruptives in the metamor- 
phics of the Coast Ranges. 

6. The serpentine is an altered eruptive and post-Neocomian 
(Knoxville). 

7. No great non-conformity exists between the Knoxville and 
Chico beds. 

The Coast Range system of mountains- consists of a series of 
parallel ranges having an average width of seventy miles and a 
length of over four hundred. These extend parallel to the Sierra 
Nevadas and are separated from them by the Sacramento and 
San Joaquin valleys. At the opposite ends of these valleys 
the two systems of ranges unite, in Shasta county on the north 
and in Kern county on the south. 

The Sierras consist in general terms, of a core of granite 
flanked, particularly on the west, by a great width of metamor- 
phic rocks, consisting of slate and crystalline schists. Granite 
occurs also through the Coast Ranges, but usually in small areas, 
not arranged along one regular line of upheaval. The metamorphic 
rocks of the Coast Ranges, though including a large amount of 
slate, mica, and hornblende schists, are distinguished particularly 
by a silicious character. Sandstone, jasper, green quartzose 
schist, and banded flinty rocks are abundant, and are character- 
ized, over large areas, by a wavy structure in the thin bedded 
varieties, and a secondarj' siliciflcation in which the rock has l>een 
filled with a network of minute quartz veins. 

Unmetamorphosed strata of undoubted Cretaceous and Ter- 
tiary ages, occur on the flanks of the metamorphic rocks, liecom- 
ing particularly prominent through the middle Coast Ranges. 

Tt was my purpose to determine, if possible, from a lithological 
and stratigraphical standpoint, the relation of the metamorphic 
rocks of Shasta county (the age of a portion of which was 
known, and believed to represent the northern extension of the 
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Sierra Xevadas) to the metamorphic rocks of the Coast Ranges of 
uncertain age, but suspected to be older than Neocomian. 

To facilitate a thorough understanding of the subject it is 
necessary to quote briefly from the published views of the earlier 
workers in California geology, what has been understood by the 
term ^^Coast Ranges," and the difficulty in drawing a line be- 
tween these ranges and the Sierra Nevadas. Prof. Whitney says: 
* *We consider all those chains or ranges of mountains to belong 
to the Coast Range, which have been uplifted since the deposition 
of the Cretaceous formation; those, on the other hand, which 
were elevated before the epoch of the Cretaceous are conceived as 
belonging to the Sierra Nevada."* Prof. Whitney's views in 
Auriferous Gravels, published a number of years after the termi- 
nation of the old Geological Survey, only make more emphatic his 
earlier declarations. He says : « -The most striking fact with re- 
gard to the Coast Ranges is, that this very extensive group of 
mountain chains is of comparatively very recent geological age. 
It is made up of Cretaceous and Tertiary strata with no rocks 
older than these showing themselves in any portion of the com- 
plicated series of elevations which are properly included under 
the alxjve designation. "t Again we find the following: **North 
of parallel thirty-nine, as far as the Klamath river, there is much 
monotony in the structure of the Coast Rangeij. The rocks are 
almost exclusively Cretaceous and often very much metamor- 
phosed ; jasper, serpentine, and even mica slate occurring in large 
quantities, and in the most irregular manner, "t To show the 
impossibility of drawing the line between the Sierras and Coast 
Ranges on structural grounds, the following will answer: "The 
lower part of th« Trinitj' and Klamath rivers seems to form the 
lx)undary between the Coast Ranges proper and that portion of 
the coast mountains which appear to belong lithologically to the 
Sierras. * * To an observer on any one of these peaks (gran- 
ite mountains in western Shasta count}'), and commanding a wide 
view over the region, there seems to be no physical break between 
the Coast Ranges and the Sierra. Scotts, the Klamath and 
Siskiyou ranges of mountains seem to represent the summit con- 
tinuation of the Sierra proper, and the Trinit}' mountains run into 
these from the south and from the Coast Ranges proper, without 

♦Geological Survey of Cal. Vol. I, p. 167. 

+ Auriferous Gravels, p. 10. JAuriferous Gravels, p. 23. 
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its being possible iit any one point to say, iiere the Coast Ranges 
end and the Sierras begin."* 

Dr. (t. F. Becker, of the U. S. (reological Survey, follows 
Prof. Whitney in classifying the metamorphic rocks of the Coast 
Eanges as Cretaceous. In his monograph on the Quicksilver 
Deposits are many statements to this effect. The only exception 
he makes is that of the Gavilan range, t In addition he does not 
deny that older rocks may exist in other parts of the Coast 
Range, and have undergone a second metamorphism at the time of 
the upheaval of the Cretaceous, t Again he says, ' 'No fossils 
older than the Knoxville group are known to occur in the Coast 
Ranges, and no known fact suggests the existence of older rocks, 
except the character of the limestone and gneissoid rocks of the 
Gavilan range. "^ In the summary' he says, < 'At the close of the 
Neocomlan an upheaval took place with extraordinary violence, 
folding and crushing the rocks, and pi'oducing the first ranges 
along the coa.st of California of which any record remains.'' 

As a result of his study in the Lassen's Peak district, J. S. 
Diller would place the dividing line between the Coast Ranges 
and Sierras in a depression of the Auriferous series, between Pitt 
river and the North Fork of Feather river. || 

Many other geologists of prominence have undertaken investi- 
gations in the Coast Ranges, but there seems to have been no pro- 
test made against the generally accepted classification of the 

metamorphic rocks. 

No attempts to get at the true position of these rocks from 

their stratigraphical relation seems to have been made, though 
the merging of the Coast Ranges into the Sierras at l)oth ends 
gives the best opportunity for such an investigation. 

No fossils have been found in rocks which I recognize as be- 
longing to the metamorphic series. An Inoceramus found in the 
sandstones on Alcatraz island was claimed by Prof. Whitney as 
certain proof of the (^retaceous age of the metamorphic wcks 
forming the San Francisco peninsula, on account of lithological 
similarity. This \ consider no proof as I have seen the pre- 
(^retacoous rocks in several localities exhibiting so little meta- 

*Auriferous (Travels, p. 24. 
+Geology of the Quicksilver Deposits, p. 181. 
JCrPology of the Quicksilver Deposits, p. 187. 
^Geology of the Quicksilver Deposits, p. 186. 
Geology of Lassen's Peak District. 
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luorphism, that, aside from their stratigraphical relation it would 
ibe almost impossible to separate them from the Cretaceous. 

A series of statements which ma}' seem to carry weight are 
summed up by Dr. Becker.* These are based on the occurrence 
•of the fossil Aucella which at present seems to be considered 
indicative of the lower Cretaceous. It is distributed (juite gen- 
•erally through the shale and calcareous strata which are seldom 
metamorphosed to an^^ degree. The occurrences mentioned bj' 
3Ir. Becker as observed by himself and his assistants, and also 
•by Mr. Gobb, are, as far as my observation has gone, invariably 
•confined to what T consider, from a stratigraphical standjwint 
.alone, as belonging to the Cretaceous, to say nothing of the 
ilithological characters of the two formations; characters which 
;are constant over great areas and widely distinct from each other. 
Besides this there is an abrupt transition from unaltered shale to 
the metamorphics. Prof. Whitney noticed this in many places 
On the theor}' of regional metamorphism, is it likely or even 
possible that such a sharply defined line could exist if both were 
K'oncerned in the same upheaval and consequent metamorphism?' 
It seems to me that we can come to no other conclusion but that 
the Cretaceous age assigned to the metamorphic rocks of the 
•Coast Ranges is merely assumed and not proved. The finding of 
Aucella in the unaltered shales near the metamorphics is no proof 
•of the Cretaceous age of the latter. 

yis work in Shasta county developed the fact that in addition 
.to the fossiliferous limestone of Carlwniferons age first reported 
by Dr. Trask and those described lately by J. S. Diller, there are ' 
several others rich in fossils. The most interesting discover}', 
however, was that of the existence of fossils in three different 
localities in the Auriferous series and on both sides of the lime- 
stone areius. These occur in slatv rocks conformable with the lime- 
stones and in part Carlx)niferous. No uon -conformity between 
any of the metamorphic rocks was observed in the county, and T 
see no rea.son for doubting that the upheaval of all the meta- 
morphic rocks took place at the same time. At the time of this 
upheaval an extrusion of granite took place along the line be 
.tween Trinity and Shasta counties, forming the Trinity mountains. 
That this granite is more recent than the Auriferous series is 
j)roved conclusively not only by the metamorphism induced in the 

*Bnll. U. S. Geoloirical Survey, No. xix, p. 9. 
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adjoining slaten, but also b}' tbc complex series of granitic por- 
phyry dikes extending into tlicm often for sevei'al miles. 

In the southwestern part of Shasta county at Ilorsetown and on* 
the Cottonwood creek occur the most northerh^ outcrops of the- 
Horsetown beds, the upper division of the Shasta group. The 
lower division of this group, the Knoxville, or Neocomian, is- 
that which has been confounded with the metamorphics. The 
Horsetown beds are totally unaltered and but slightl}' disturbed., 
dipping eastward from 15° -35°. They rest unconformably oai 
granite and the metamorphic rocks. 

The granite mass of the Trinity mountains terminates abruptly 
on the south, being cut off by a lK)dy of massive serpentine* 
which forms the summit of Bully Choop; one of the highest 
peaks of the Coast Range. Directly south of the serpentine,, 
along the crest of the range, we encounter green talcose and. 
chloritic schists in which the siliciftcation, characteristic of the- 
Coast Range metamorphics, is well developed. The schists ai*e- 
somewhat crumpled with the appearance of minute veins andi 
bunches of quartz which follow the cleavage planes in an iri-egu- 
lar manner. These rocks are penetrated for several miles by 
porphyritic dikes, evidently offshoots of the granite on the 
north. This is ix)sitive proof that their period of upheaval 
dates back to the extrusion of the granite. These schists- 
extend southwest along the summit into Tehama county.. 
To the west and north in Trinity county there is a repetition of 
rocks somewhat similar but more quartzose. On the eastern^ 
slope are argillaceous schists, ([uartzites. and small areas of 
limestone, overlaid in places to a hight of twent^'-five hundred! 
feet by shales, sandstones, and conglomerates of the IToi-setowib 
period. 

As the range is followed south along the western l)order of 
Tehama countv it is found to maintain an elevation of over five- 
thousand feet, while silification becomes moiv and more a char- 
acteristic of the metamorphism. Red jasper, a remarkably wide 
spread rock in the Coast Ranges, was observed first in southeastern! 
Trinity county. 

The unaltered shales and sandstones of the Shasta group be- 
come very prominent in Tehama county; having a width of over 
twelve miles. They dip eastward at an angle of from 30° -45°.. 
sometimes becoming nearly vertical near their western lx)undarv.. 
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Near the Cold Fork of the Cottonwood and about two miles from 
the metamorphics, the first specimen of Aucelhi was observed. 
The strata here dip nearly vertical and are greatly broken. The 
rocks against which they rest consist of quartzites, crystalline 
limestone with poorly preserved fossils, thin cleavable shales 
highly metamorphosed, green talcose schists changing to contorted 
and silicified green schists on Tom's Head and westward to the 
North Yallo Bally where they are gnarled and knotted in the 
highest degree. 

On Elder creek the Aucella is found in abundance together 
with other lower Cretaceous species, but the contact with the 
metamoi-phic series is not to be observed on account of a great 
mass of serpentine. Mr. J. S. Diller, who has investigated this 
region carefully, has proved that both divisions of the Shasta 
group are represented on Elder creek ; the lower, the Knoxville, 
having a thickness of nineteen thousand nine hundred feet, w^hile 
the upper or Horsetown is represented b}' six thousand one hun- 
dred feet of shale and sandstone. These two beds were demon- 
strated to be continuous from top to bottom without physical 
break.* This accords with th^ latest views of Dr. Becker, who 
found a commingling of the faunas of these two divisions at 
Biddies, Oregon, t Mr. Becker had previously announced that 
the great upheaval of the Coast Banges took place at the close of 
the Knoxville. J The. conformity' shown to exist between the two 
divisions of the Shasta group is in perfect accord with my own 
observations. A very important fact results from these conclu- 
sions ; since the Horsetown and Knoxville beds are conformable, 
and the upper, or Horsetown, rests unconformably on the meta- 
morphic series in Shasta county, a fact acknowledged by all ob- 
servere, then the lower or Knoxville, when present, must also 
rest unconformabl}' on the metamoiphic series, if it can be proved 
that these metamorphics are continuous with those of Shasta 
county. After a most careful tracing of the older rocks of 
Shasta county southward, I find it utterh' impossible to draw a 
line of demarkation between them and the metamorphics of either 
Tehama, Colusa, Lake or Napa counties. There is no physical 
break. 



♦Bull. Geological Society of America, Vol. II, p. 20T. 
tBuU. Geological Society of America, Vol. II, p. 208. 
JGeology of the Quicksilver Deposits, p. 460. 
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The line of contact between the Cretaceous and the older rocks 
has been particularly favorable for the intrusion of the periditi- 
tic rock from which the serpentine has been derived, and this to- 
gether with a general covering of the rocks with soil makes it 
hard to find good exposures. The best contact observed was on 
Elk creek in Colusa countv; here the soft black shales rest di- 
rectl}^ against the green silicified schists. A few hundred feet 
distant the shales have a dip of 40° to the east; as the contact is 
approached they dip more and more, finally becoming somewhat 
broken and reversed, while for several feet adjoining the schists 
the}^ are crushed to a clayey mass. The change to the vertical 
green schists is abrupt. Toward the crest of the mountain five 
miles away they become more silicified. Black slate and horn- 
blende schists are also to be obserx'ed in places. The clay at the 
<*ontiict has been furmed by an upward movement of the meta- 
morphic ridge, a condition noticed at several points farther south, 
and which, to a certain degree obscures the non-conformity. 
This is undoubtedly the reason for the apparent conformity be- 
tween the Aucella bearing strata and the metamorphics of Mount 
Diablo, mentioned by 3Ir. Becker as a proof of the unity of the 
two formations.* 

About the headwaters of Stony creek the Cretaceous is separ- 
ated from the metamorphics by large areas of serpentine, and 
undent porphyritic rocks in part am^^gdaloidal. Snow Mt. 
consists of jasper, silicious schists and hard sandstones. Along 
the ridge southward between Lake and Colusa counties glanco- 
phane schists appear. Black slate becomes more abundant and 
is particularly well exix)sed on the North Fork of Cache creek, 
where it splits into large slabs when not too much crushed. 

The eastern boundary of the metamorphic rocks follows a di- 
rection a little east of south, passing about three miles east of 
Lower lake, through the western edge of Pope valley, and then 
becomes covered with volcanic material so that it can be traced no 
farther. Two outlying areas are to ))e found to the east of this 
line. One forms a ridge near the head of Sulphur creek, Colusa 
county and consists of sandstone, schists and jasper, with dikes 
of old eruptives. From this ridge the aucella bearing strata dip 
in op|>osite directions. The other is of much greater extent, 
forming a high range west of Beyressa valley, with a length of 

*(t«»ology of the Quicksilver Depoiits, p. 184. 
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alKnit twenty miles. Capel creek cuts through the southern end 
of this ridge, and though in place the metamorphism is not great, 
vet the distinction fix>m the Cretaceous is easily discernible. 
Cretaceous shales carr^'ing Aucella outcrop on the west, Ijut are 
separated by a dike of serpentine. On the east tlie shales rest 
directU' against a lK>dy of dioritic rock, similar in appearance to 
numerous dikes with which the metamorphic ridge is filled. 

On James creek, north of the /Etna mines an exceedingly in- 
teresting section is exposed. For two miles the creek has cut 
through slates, mica and hornblende schists, and ancient intru- 
sive rocks. At the mouth of the caiion the hornblende schists 
are followed by a dike of serpentine three hundred feet wide. 
From this there is an abrupt change to the unaltered but upturned 
and broken shales of the Knoxville beds. In these shales a mile 
eastward on Pope creek Aucella is found. 

About three miles east of Lower lake near the Knoxville road, 
massive sandstones considerably altered outcrop on the western 
bank of a little creek. The eastern bank about twelve feet awav 

ft- 

is formed of Aucella bearing shales and calcareous strata entirely 
unmetamorphoscnl and dipping eastward about thirty degrees. 
T^nfortunately the actual contact is hidden by a slide of Ijonlders 
from above. 

These examples are sufficient to show that there exists in the 
Coast Ranges of (California a series of rocks for the most part 
greatlj* metamoq)hosed and separated from the lowest Cretaceous 
not only lithologically but also by a great non-conformity. 

No regional metamorphism is anywhere apparent in the Cre- 
taceous rocks: whatever the nature of the disturbance to which 
the}' have been subjected, it was not of a meUimorphosing char- 
acter. In several instances, as at Sulphur creek and Knoxville, 
an alteration has taken place, but solely through thermal action. 

In places the older rocks are so little altered as to be easily 
confounded with the Cretaceous, and close examination and fa- 
miliarity with the regional characteristics are necessary to dis- 
tinguish them. The Aucella is a widely distributed fossil through 
the Lower Cretaceous, and is it not likely that it would have been 
found in some portion of the slightly altered metumoii)hics if 
they really belong to the Cretaceous? 

The exact age of the metamorphic rocks as yet remains un- 
known. They are probably not ohler than the Carboniferous, and 
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must have been concerned in the upheaval of rocks of that age 
in Shasta county. Portions of the nietamorphie rocks of the 
Coast Range bear the closest resemblance to those of the gold 
belt of the Sierras, which were considered by Pix)f. Whitney to 
be not younger than the Jurassic. Dr. Becker has affirmed that 
the gold bearing rocks of the Sierras are in part Neocomian on 
account of the presence of a species of Aucella indistinguishable 
from one found in the Coast Ranges.* He reaches the concfu- 
sion that the Knoxville and Mariposa beds are of the same age,t 
including of course the metamorphic rocks of the Coast Range 
in the Knoxville. In speaking of the Coast Ranges as members 
of the western Cordillera system he says, *'The earliest determin- 
able i)ortion of the Coast Ranges must therefore be considered as 
due to the same disturbance which added the gold belt proper to 
the Sierra Nevada.'* And again an important uplift of the 
Sierra Nevada was contemporaneous with the first known up- 
heaval of the Coast Ranges, i 

Laying aside the conclusion reached by Dr. Becker concerning 
the occurrence of the Aucella in the Sierra Nevada, I fully agree 
with him in regard to the simultaneous upheaval of the two series 
of ranges, and that they belong to the same mountain system, and 
finally, that whatever can be proved to be true of the metamor- 
phics of the Coast Ranges, with reference to the points under 
discussion, must also be tnie of the rocks of which the Mariposa 
beds form a part. 

Gmnted now a pre-Cretaceous age for the rocks of the Coast 
Ranges, and their upheaval as contemporaneous with that of the 
Mariposa beds, we must, as a consequence postulate a pre-Cre- 
taceous age for the Marijx)sa beds. These beds are an integral 
part of the Sierras and consist largely of black slate. I have 
traced them almost continuouslv for a distance of a hundred and 
twentj' miles and found them enclosed in a great width of other 
metamorphic rocks. The upheaval of the whole was accom- 
panied by an extrusion of granite well illustrated a few miles 
southwest of Mariposa, where tlie black slates abut against the 

♦Geol. of the Quick8ilver Deposits, p. 201. 
tGeol. of the Quicksilver Deposits, pp. 195-198. 
JOeol. of the Quicksilver Deposits, p. 211. 
§Oeol. of the (Quicksilver Deposits, p. 212. 
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-granite and have been metamorphosed bj' it.* Crystalline lime- 
tiitones probably Carboniferous are found on lx)th sides of the 
Mariposa beds, and must have been concerned in the same up- 
heaval. Northward toward l^ence's ranch no physical break has 
been detected. At this place are Carboniferous limestones and 
•slates in part of the same age. Carl)oniferous limestone is also 
found in the eastern part of Shasta county interbedded with 
nslates. From all the evidence at hand I believe it is impossible 
to separate the Mariposa beds from the other metamorphic rocks 
of the Sierras, and consequently their period of upheaval, ad- 
mitted to be the same as the metamorphic rocks of the Coast 
Ranges, is coeval with that of the Carboniferous of Shasta 
-county and other parts of the Sierras. 

With regard to the peculiar metamorphism of the Coast Ranges 
it was certainly pre-Cretaceous. The formation of a network of 
minute quartz veins, so wide spread, seems to be confined to the 
harder rocks which were broken and crushed in the violent oro- 
graphic movements, while the more argillaceous rocks were re- 
duced, often to a clayey mass impenetrable b}' the silicifying 
ivgencies. 

The metamorphic series is also distinguished by the presence of 
much intrusive rock which, as far as my obseri^ation goes, does 
not appear in the Knoxville. These intrusions are so much de- 
<5omposed that it is difficult to get at their real character. When 
the amygdaloidal structure is absent they closely resemble decom- 
posed sandstone. Good exposures of them appear north and 
west of Clear lake, in Pope valle\% and Capel creek. In the 
ireology of the Quicksilver Deposits it is stated that no pre-Ter- 
tiary eruptives are to be met with between Clear lake and New 
Idria. 

Serpentine is the most common pre-Tertiary eruptive in the 
<!?oast Ranges. That it is younger than those just described is 
«hown bv the fact that it cuts both the Knoxville and metamor- 
phic series. It was held by Prof. Whitney and his assistants to 
be an altered silicious or silico-argillaceous rock,t the magnesia 
having ]>een introduced by some process of substitution. Dr. 
Becker follows in nearl}' the same line and endeavors to prove the 
origin of serpentine through metasomatic processes, either directly 

♦Tenth Annual Report of the State Mineralogist, p. 80. 
t Auriferous Gravels, p. 10. 
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from sandstone or through the intermediate stage of a metamor- 
phic wystalline roek.* Contrary to the foregoing views J. S. 
Diller speaks of the serpentines of the Coast Ranges, as altered 
peridotites. t That at least a part of the California seq)ent in es. 
are altered eruptives seems also to be the opinion of H. W. 
Turner,! W. Lingren and G. P. Merrill. 

The general similarity of the serpentines and their strati- 
graphical position lead me to believe that they are all of the same 
geological age, and, as a rule, have resulted from the decay of 
a peridotitic rock. The eruption of the peridotite and its altera- 
tion to serpentine must have taken place prior to the deposit of 
the Wallala beds, for the latter, according to Dr. Becker, contain 
serpentine boulders. 

The serpentine bodies of the (^oast Range arc generally more 
irregular in outline than those of the Sierras, owing to the greater 
amount of crushing which the metamorphics of the former re- 
gion have undergone, but are always sharply defined and indis- 
tinguishable in appearance from those of the Sierras, the eruptive 
nature of which T think no one will deny. 

A slight degree of contact metamorphism is often shown. 
This is well illustrated on the road from Jjeesville to Bartlett's 
Springs where some pre-Cretaceous argillites have been hardened 
and made to assume a dark metallic appearance near the contact. 
On Grindstone creek, Colusa county, the Knoxville shales have been 
metamorphosed for a distance of a hundred feet, the bedding ob- 
literated and a noticeable hardening induced. Numerous other 
instances of this were seen in Tehama and Colusa counties. In 
many Ciises the effect produced by the serpentine has been ob- 
literate<l by the movements which have taken place along the 
contact. The presence of the serpentine in dikes and irregular 
bunches in the Knoxville shales, and the inclusions of the shale 
in the former are proofs of its intrusion subsec^uent to the deposi- 
tion of the Knoxville beds. 

Dr. Becker bases his strongest arguments for the metamorphic 
origin of serpentine on the fiehl relations existing about Knox- 
ville, Napa county. The locality is on the eastern edge of one 
of the greatest serpentine areas of the Coast Ranges. Along 

*Geol. of the Quicksilver Deposits, p. 121. 
• tBull. Geol. Society of America, Vol. II, p. 207. 
JBuU. Gool. Society of America, Vol. II, p, 390. 
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the crest of the ridge above Knoxville, innumerable bodies of 
metamorphic rock are inchided in the serpentine, among these are 
slate, hornblendic, micaceous, and actinolite schists. These are 
arranged with their longest diameters parallel, and extend in the 
same direction as the mountain ridge, northwest and southeast. 
In addition tliere are lenticular todies of diabase, diorite and fine 
grained porphyritic rocks. These crystalline rocks, as a rule, 
have no downward continuation, and like the similarly shaped 
masses of metamoi*phic rock were probably broken off from deep- 
seated i>oi'tions, and brought up with the erupting mass. They 
are surrounded by a border one to two inches thick, of a mixture 
of serpentine with the original rock ; a condition resulting from 
a slight penetration by the magma. From all observations it ap- 
pears that the serpentine has l)een capable of effecting only a 
comparatively slight degi*ee of metamorphism on the adjacent or 
included fragments of sedimentary rock. In all this region no 
transition from the metamorphic rocks to serpentine was observed. 
Here, as in man}' other places in the Coast Range, the serpentine 
is greatly cnished and often reduced to a shaly mass. , This ap- 
parent stratification is one reason w^hich led the earlier observers 
to classify the rock as metamoqjhic. Discarding the idea of a 
sedimentary origin, to my mind, it is due not so much to move- 
ments in the rock produced b\' the hydration as to dynamical 
action, which has been so pronounced in the Coast Ranges as- to 
reduce argillaceous rocks to clay and sandstones to a cnimbling 
mass, over stretches of considerable extent. 

No important non-conformity between the Shasta group and the 
Chi CO could l3e made out, though there is no doubt al)out the 
Chico resting unconformably on the metamorphic series. J. S. 
Diller says that on Elder creek, Tehama county, no physical break 
could be made out between the Knoxville and the Chico.* H. 
W. Turner figures and describes the Knoxville and Chico beds of 
Mt. Diablo as conformable, t Neither was an}' non-conformity 
l^etween these beds found b}' Prof. Whitney. 

From the foregoing illustrations coupled with m}' own observa- 
tions, I think we can safely say that no important non-conform- 
ity exists in the Cretaceous, and that it is utterly im)K>ssible that 
the great upheaval of the Coast Ranges could have taken place at 

♦Bull. Geol. Society of America, Vol. II, p. 207. 
+BiilI. Geol. Society of America, Vol. II, p. 400. 
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the close of the Gault, or Shasta period, as Dr. Becker has lately 
affirmed.* A small unconformity undoubtedly exists, due in 
part to the eruption of the serpentine, and in part to an uplift 
accompanj'ing it. The extrusion of such an immense ))ody of 
igneous rock as that near Kuoxville, ranging from three to five miles 
in width, and twenty miles long, must have pushed hack and 
tilted the Knoxville shales to a considerable extent. 

I see no other way but to return to the views of Prof. Whit- 
ney with regard to the gold belt of the Sierras, that is, to a 
post-Jurassic upheaval. This upheaval accompanied by granite 
and affecting the region of both systems of mountain ranges 
simultaneously, gave rise at least to the Coast Range with its 
series of metamorphic rocks. 

Concerning the evidence of the fossil Aucella, since standard 
authorities differ in regard to its exact time range, I see no reason 
why it might not have existed during the Jurassic in the Sierra 
region, and, since its geographic range is of great extent, have 
returned again to regions where favorable conditions existed, 
after the great upheaval which separated the metamorphic rocks 
of both the Sierras and Coast Ranges from the lowe^st Cretaceous. 



RELATIVE ABUNDANCE OF GOLD IN DIFFERENT 

GEOLOGICAL FORMATIONS. 

W. p. Blakk, ShullHbcrg, Win. 

In the interesting notice of the '^Universality of Gold" by 
Dr. Everette in the November issue of the American (iE<>L(KHsi\ 
page 331, he says: ''Therefore gold may be sought for in every 
geological horizon, and has thus been found in more or less pay- 
ing quantities from the very earliest rocks up to the recent allu- 
vial and drift formations,'' a statement which may be accepted as 
correct, but he proceeds to state: — 

''However, in those veins of quartz which are found in the 
Cambrian and Lower Silurian strata, gold in the metallic state in- 
termixed amongst the quartz is found in far greater commercial 
(quantity than in any other of the preceding or subsequent geo- 
logical horizons. Wherever gold has been found in very lai*ge 
([uantity in either vein or placer form, it has been found to be 

*Bull. Geol. Society of America, Vol. II, p. 20(). 
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either in a Cambro-Silurian series of slaty rocks and (iiiartz or 
else has resulted from the immediate decomposition of those 
rocks." 

This last generalized statement would have passed unchal- 
lenged, and would have been generall}' accepted in the days of 
Sir Roderick Murchison, who came to regard the occurrence of 
gold as evidence of Silurian rocks, and conversel}', the discovery 
of Silurian rocks, as for example in Australia, as indicative of 
the occurrence of gold, but to-day, after the experience in Cali- 
fornia, the generalization is not justified, by the facts. 

The age of the chief gold-bearing slates of the central gold 
region of California, where gold was mined in greater ([uantity 
than ever before, was for a long time in doubt. The dogma of 
the Lower Palseozoic age of most of the gold rocks of the world, 
predisposed observers to regard the auriferous slates as Pala?ozoic. 
But about the year 18(54, I had the good fortune to find Mesozoic 
fossils in the midst of these slates, and thus removed all doubt 
of their true horizon. These fossils were Amman Uts in the slates 
of Placer county near Colfax ; Belemnites and Jurassic bivalves 
in similar slates on the Mariposa estate, Mariposa county, and 
contiguous to the great gold quartz vein known as the Mother 
vein of California. Thus the Secondary age of the chief gold 
bearing slates of California was established. 

It is in this great belt of Jurasso-Triassic, and perhaps in part 
Lower Cretaceous strata, lying enfolded in the western flanks of 
the great mountiiin mass of the Sierra Nevada, we find the strongest, 
richest, and the most productive gold quartz mines and placer de- 
posits of California. The Mother vein at Carson hill, in Cala- 
veras county, has yielded some of the heaviest masses of gold 
ever taken from veins. Further, one of the deepest gold mines of 
the world is in the midst of the same great belt of Mesozoic slates. 

The occurrence of gold in California is, however, not confined 
to any one geological horizon. Tt is found in close contiguity to 
limestone of Carboniferous age, as early shown by^ Dr. Trask, and 
no doubt in the older rocks of the Sierra Nevada lying parallel 
with the chief auriferous deposits. Thus at Hite's cove, some 
miles west of the locality of the Jura-Trias fossils of Mariix»sa, 
there is an important gold-bearing vein near a stratum of lime- 
stone in which T have found encrinal stems, and which is no 
doubt Tipper Paheozoic. But these older strata in California have 
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never yielded gold so generally and in such profusion as the newer 
beds further west of them. I would not, however, be under- 
stood as claiming that the Mesozoic formations, even in Califor- 
nia, give as a rule richer mines than an}' other formation. So 
far as the evidence goes, for that region, such a generalization 
might be accepted, but we know far too little of the laws of the 
formation and distribution of the noble metals to make any rigid 
discrimination in favor of one geological horizon over any other. 
Some of the most valuable gold mines do not occur in stratiform 
rocks. The celebrated veins of Grass valley, California, which 
have been worked continuously for over forty years are in crystal- 
line granitic rocks of uncertain age. The great Comstock lode in 
Nevada, which has added so many millions to the world's supply 
of gold as well as silver, is in crystalline rocks which, however, 
are probabl}' altered Mesozoic beds. The gold of the Deep Creek 
region. Utah, as 1 have elsewhere shown, is in altered Carbonif- 
erous limestone, thus being in upper rather than lower Palaeozoic. 

The best example we have of gold in the oldest rocks is found 
in the Black Hills of South Dakota in pre-Silurian strata, probably 
the equivalents of the Cambrian, Montalban, or still older sedi- 
ments. But here in these ancient strata, although the aggregate 
quantity of gold is large, the quantity per ton of rook is not. 
To use the technical phrase it is '^low grade rock" as compared 
with the gold quartz rock of the California Mesozoic. 

The fiuancial success of any gold mining operation is not to be 
taken as an indication or measure of quantit}'. Success or failure 
depends largely upon location, the facilities for working and upon 
Intelligent common sense management. 

In conclusion it is well to note briefly the general absence of 
tfold, so far as vet known, in the ordinarv red beds of the Trias 
of the Rocky mountains, and Appalachians, and from all forma- 
tions where the iron is in the condition of ses(j[ui-oxide. I do not, 
of course, refer to, or include the oxidized outcrops of formations 
where at water level the normal condition of the contained iron is 
that of prot-oxide or of its sulphur com[K)unds. This is the 
normal state of the California Mesozoic. The auriferous forma- 
tions there are generally bluish-green and ])lack in color, the dif- 
fused iron is in the state of protoxide, or the sulphide, and the 
formations bear no resemblance to the Trias of the Rockv mount- 
ain region or of the Appalachians. 
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THE CRETACEOUS COVERING OF THE ITEXAS 

PALAEOZOIC* 

Kalph S. Taiir, Cambridge, Mass. 

The (luestioii as to whether the central Paleeozoic and pre- 
Palseozoic region of Texas was completely covered by the Cre- 
taceous, is still a mooted question. Pix)f. R. T. Ilill has at 
various times stated that this was the case, giving numerous rea- 
sons for the statement; but Dr. T. B. Comstock, who, by his de- 
tailed study of the central mineral region of Texas, is well quali- 
fied to speak upon the subject from other points of view, ha* 
come to the opposite conclusion. In the second annual report 
of the Texas geological survey he has again stated this conclu- 
sion, giving therefor numerous reasons of considerable value. 

A study of the region immediately north of this area has con- 
vinced me of the accuracy of Prof. Hill's conclusion, and it is 
my purpose at this time to place the reasons for this conclusion 
on record. 

The beginning of the Carboniferous epoch foiind the central 
region of Texas a land area considerablj'^ denuded. This is- 
proved by the bays and promontories now being uncovered by the 
erosion of the overlying Carboniferous. It was probably a mount- 
ainous area, a part of a much more extensive system now buried 
beneath later deposits. More than 8,000 feet of Carboniferous 
rocks were laid down and the sediments forming these rocks came 
in large measure from the central region or from its extension 
now buried. This is proved by the conglomerate pebbles in the 
Carboniferous. In later Carboniferous times, during the deposi- 
tion of the Coleman beds, the Carboniferous of earlier date had 
been added as a coastal strip to the older land. The general ab- 
sence of conglomerate and sandstone in these rocks is proof of 

a 

this, and the presence of numerous shore lines in the Coleman 
beds points to the same conclusion. The extensive Permian rocks 
of central western Texas are in the main inland sea deposits, and 
during this time the Paljeozoic was still land. From the close of 
the Permian to the beginning of the Cretaceous we have no def- 
inite evidence from the Texas deposits, so far as they have been 
studied, though there can be little doubt that the older Paheozoic 
rocks remained dry land. 

Thus, from the beginning of Carboniferous times, and earlier, 

♦Published by permission of Mr. E. T. Dumble, State Geologist of Texas. 
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until the Cretaceous period, with the possible exception of early 
Carboniferous times, the ancient Palaeozoic core of Texas has 
been subjected to denudation. 8ince the beginning of the Car- 
boniferous to the present, along the northern lx)rder of this area, 
there have been no disturbances of sufficient moment to affect the 
Carboniferous rocks, barring only the gentle tilting to which these 
have been subjected. In other pails of the area this is not true, 
for Dr. Comstock finds later disturbances, and the i>ost- Carbonifer- 
ous age of the Burnet granite has been quite definitely settled. 
The point intended to be made here is, that the older rocks have 
not l)eeu subjected to extensive mountain building forces in i)ost 
Carboniferous times, otherwise it would be difficidt to understand 
the remarkably unbroken nature of the Carboniferous rocks which 
skirt its northern lx)rder. Post-Cretaceous disturbances to the 
southeast, such as that of the Burnet granite intrusion do not, of 
course, enter the problem under consideration. 

So. from Carboniferous to Cretaceous times the area was not 
onlv one of continuous denudation, but also one free from the 
rejuvenating effect of extensive elevation. How greatly denuded 
this area was in pre- Carboniferous times cannot be stated with 
absolute certainty, yet the valleys and promontories buried be- 
neath the Carboniferous are not sharp and deep in topographic 
outline, but, rather, rounded, as if of adolescent or mature 
forms. This seems to show that the area, though a mountainous 
area, was not at that time one of striking relief. From that time 
to the beginning of the Cretaceous its relief must have been 
greatly reduced in the absence of distinct rejuvenation. Yet, as 
will be shown, it wjis at this time a land of considerable tojx)- 
graphic divei'sity. 

The lowermost (\*etaceous bed is a hodge-podge of sand and 
conglomerate re[)resenting in large measure the old land, in part, 
if not entirely, worked over by the sea as it advanced upon the 
Palaeozoic land, which was sinking beneath the ocean. Strati- 
graphically this, the Trinity of Hill, is the lowest member of the 
nearly horizontal Cretaceous : but it may represent a wide period 
of time, for, in places it is found on the Paheozoic land at an ele- 
vation of l,2r)0 feet al)ove sea level, while at other places it rests 
at an elevation of l,tM)0 feet. Thus this vertical difference of 
(J,*)!) feet means approximately the time retpiired for the land to 
-sink r»50 feet: and that there is this amount of difference of time 
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in the deposition of the Trinity sands in these two places. In 
order to eliminate a possible error, even in this calculation, aris- 
ing from the complication involved by the tilting of the entire 
area in ix)st- Cretaceous times, it may be well to take differences 
of elevation in a northeast and southwest direction, which will 
reduce the difference in elevation from 650 feet to 500 feet. The 
difference calculated here is based upon points fifty miles apart. 
That this difference is not great, when compared with the time of 
formation of the series as a whole, is proved by the fact that im- 
mediately over the Trinity, in ever}' place, is found the lower 
layers of the Comanche Peak beds. Thus it seems likely that 
the submergence of the land was tolerably rapid. This is still 
further indicated by the unassorted arrangement of the lower beds 
and their wide diversity. 

That the Carboniferous land was a level land, is proved, on 
every hand, by the fact that, on the Carboniferous proper, there 
are no excessive changes in the general level of the Trinity beds; 
but, that the Carboniferous was a land area, and one of gen- 
tly undulating surface, is equally well proved by the gradual 
.changes in elevation in the different parts of the region now par- 
tially covered b}' Cretaceous. For instance, southwest of Brum- 
wood, on the west side of Pecan bayou, in five miles, on a north 
and south line, the elevation changes from 1,350 feet to 1,500 
feet, or an increase of 150 feet going northward ^ve miles. The 
Santa Anna. Cretaceous butte, in Coleman county, rests in Car- 
boniferous at an elevation of about 1,750 feet while fifteen miles 
to the northwest the Cretaceous- Carboniferous contact is at an 
elevation of 2,100 feet. At the base of the scarp along the 
(.'olorado river, the lowest Cretaceous boundary is a gently undu- 
lating line with a general rise to the north. The hills recently 
uncovered from beneath the Cretaceous are broad, flat-topped, and 
gently undulating. The gradual rise to the northwest is probably 
to be accounted for by the tilting of the entire mass in post- 
Cretaceous times; and it is probable that the old-land slope has 
been reversed bv this means. 

From this it will be seen that there are no places where the 
position of the lower Cretaceous seems to indicate any sharp 
erosion or striking topographic relief in the Carboniferous land ; 
but in the bordering Silurian the case is different. This was the 
highland of the time and, as would naturally be expected, the 
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hard rocks of that formation resisted the base- leveling process 
long after the softer rocks of the Carboniferous had been reduced 
to it. The Harper knobs west of the San Saba consist of Trinity 
conglomerate resting on Carlx)niferous at an elevation of 1,400 
feet. Within five miles in a southeast direction there is Silurian, 
at present 1,»650 feet high without any Cretaceous covering. 
Within seven miles in nearly the same direction, there is a Silu- 
rian hill without Cretaceous, at an elevation of 1 , 850 feet. That 
is, in seven miles, there is a rise of 450 feet at least in the pre- 
Cretaceous topography. There are many other places where the 
Silurian rises to this elevation without any sign of ever having 
had any Cretaceous covering; but, southwest of Brady, Cretaceous 
is found resting on both Carboniferous and Silurian at an eleva- 
tion of 1 , 900 feet. Here the Trinity rests at an elevation of 1 50 
feet above the nearest Cretaceous on the Upper Carboniferous, 
10 miles northeast. The significance of this, with relation to the 
chief point under consideration, will be referred to later on. 

From the al)ove it will be seen that when the Cretaceous period 
began, in Texas, it found a low-lying land of Carboniferous strata 
undulating and nearly base-leveled, and an older Palaeozoic high- 
land district considerably diversified, but probably not strikingly 
mountainous. Upon this area the encroaching sea commenced 
the deposition of the Trinit}' sands and conglomerates, then, with 
more complete submergence, followed the higher beds of deeper 
water origin. A few words upon this i)eculiar formation will 
help us in the proper presentation of this argument. 

The basal beds of the (Vetaceous are revealed in the T*ala?ozoic 
region along the base of the retreating scarp from beneath which 
the Carboniferous and other beds are being uncovered, and also 
along the base of the buttes and patches of Cretaceous which re- 
main as uneroded remnants on this area. Being nearly horizon- 
tal the}' are revealed over a great area by this means. Along the 
eastern margin in the (^olorado river escarpment the beds are con- 
glomerate, in the main, and var}* in thickness from twenty feet 
or less to one hundred feet. Farther to the west the basal beds 
are sands instead of conglomerates, and there are also shales and 
impure limestones. Over the Permian these beds are red in color 
from the color of the underlying rocks. 

In lithologic character the conglomerate is quite remarkalile, 
being often comjjosed of large pebbles with a chalky cement. 
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The pebbles are frequently well rounded, and are sometimes, as 
for instance, south of Milburn, fully one and one-half feet in 
diameter. They are almost exclusively of flint and marble from 
the Silurian. 

I am not able to account satisfactorily for such a conglomerate. 
At -first 1 was inclined to the belief that it represented old river 
beds, and 1 am not certain that tliis will not be found to l^e the 
origin of some of these conglomerates. The rather linear ar- 
rangement, in places, the fact that many miles away from the 
Silurian large pebbles from this source are found, and the presence 
of silicified wood and land fossils seem to indicate this origin. 
The close resemblance which some of this conglomerate bears to 
quaternary conglomerates in the creek beds is very striking. 
In Wallace creek, west of San Saba, the pebbles brought from 
the Silurian in times of flood, are cemented bj' a tufaceous ma- 
trix, de|>osited from chemical solution by the evaporation of the 
water, and this conglomerate resembles the Cretaceous so closely 
that several good observers have at first sight considered hand 
specimens of the two the same. 

Certainly this is not an ordinary beach conglomerate, for, in 
addition to being composed of large and sometimes well rounded 
pebbles, it is composed, in fully one-half its bulk, of a matrix 
of limy matter. We have a basis for comparison in the same 
field, for, near Rochelle, Cretaceous conglomerate rests directly on 
the Carl)oniferous conglomerate. Not only is there no resemblance 
between the two in the character of the matrix, but the pebbles 
also, though derived from the same source in both cases, are en- 
tirely different. The CarlK>niferous conglomerate has no pebbles 
of marble, but the Cretaceous contains very many marble pebbles 
in addition to the flint derived from the marble. This compari- 
son shows that, while the Carboniferous conglomerate had been 
subjected to much sea-shore grinding, the Cretaceous was almost 
free from such action. 

It can be readily shown by subtracting the present slope of the 
old Carboniferous land from the dip of the Cretaceous that the 
dip of the old pre -Cretaceous land was several feet per mile to 
the northwest. Consecjuently as the land sunk beneath the sea 
the water encroached from the west toward the east. 

The Trinity beds are probably nothing more than hurriedly 
worked over soils and land debris, in a rapidly encroaching sea, 
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the rapidity being indicated both by the character of the strata 
and the fact that at points four or five hundred feet alK)ve one 
another the same stratum is found. The encroachment being 
from west to east, as it proceeded, a bed of varying character and 
•thickness was formed according as topography and amount and 
character of supply varied. Such being the case it follows that 
at a distance from the elevated Silurian land the soils upon the 
■comparatively level and rather soft Permian rocks furnished red. 
sands, and, upon the Carboniferous, a 3'ellow sand ; but near and 
on the Silurian the stream beds supplied the waves with coarse 
material. This conglomerate hurriedly worked over and not 
much altered, soon came beneath the reach of wave action, as 
'the subsidence of the land continued, and there became mixed 
with and covered by the finer deposits washed from the succeed- 
ing shore lines. In the quite rapid subsidence it is possible that 
some protected river deposits may have escaped destruction, but 
I know of no instances which can definitelv be stated to be of 
this origin. 

Above these beds everywhere are found deposits of great uni- 
'formitv free from conorlomerates, and usually free from sandv 
material. Certain of these beds are stated by Prof. Hill to be of 
^truly deep sea origin, indicating a sul)sidence of several thousand 
feet. The remarkable extension of certain thin beds over hun- 
dreds of square miles proves great uniformity of conditions at- 
tending their deposition. A great thickness of true chalk is also 
proved by him. The aggregate thickness of these deposits is 
several thousand feet. 

Tf r understand Dr. Comstock aright he conceives the Silurian 
to have been an island in this sea, for there can be no doubt that 
the Cretaceous extended well up to the present limits of the area, 
since the Cretaceous still exists there either in remnants or as an 
escarpment to the main Cretaceous area. This Palaeozoic island 
at present seldom reaches much above 2,000 feet, and is usually 
much less. At an elevation of 1,1KK) feet southwest of Brady, 
as alreadv stated, I have found Trinitv beds with distinctive 
Trinity fossils as identified by Prof. Hill, and at present in the 
-c»ollections of the Texas geological survey. With the present 
topography this would submerge the greater part of the older 
Paheozoic beneath the Trinitv sea. That still ffreater subsidence 
went on in the main Cretaceous is proved by the accumulation of 
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sevenil tliousund feet of strata above the Trinitv, some of them 
*of deep water origin. 

If, instead of being a moderately low lying highland, as I have 
attempted to prove, the central mineral district was a mountainous 
area of great higlit and topographical diversity, it might still be 
an island in the Cretaceous sea. This seems more unlikely, how- 
ever, when we consider the comparatively small area of the dis- 
trict, or, at least, that part of it which cannot be proved to have 
been covered Xys Cretaceous b}' the existence of remnants of these 
strata; however, the continuation of this area along the Peder- 
nales river, and probably elsewhere beneath the Cretaceous, shows 
that large parts of the older Paljeozoic rocks had l>y this time 
lost their former topographic diversity, and become reduced to 
highlands of moderate elevation and topography. In view of 
these facts it would be (piite remarkable to find a single small 
area retaining its elevation to a sufficient degree to withstand the 
long continued and dee[) su])mergence of Cretaceous times and 
still remain an island. 

Aside from these facts there is another bit of evidence pointing 
to the same conclusion. With the exception of the lower Trinit}' 
beds the Cretaceous is (piite without evidence, where I have seen 
it, of neighboring land. In the chalk and other beds the ma- 
terial is of such extreme purity that the neighborhood of land is 
quite out of the (question, without the assumption of intermediate 
currents of sufficient rapidity to remove all land de])ris of even 
the finest (piality. 

Dr. Comstock puts forward* several reasons for his belief which 
I wish brieflv to consider. First, the absence of remnants of 
(Vetuceous on the older Palteozoic is noted. This is certainlv 
striking, but it may ecpially well prove that the Cretaceous has 
})een for a long time removed from this area, as T shall attempt to 
show possible. Tpon the Carboniferous, low lying and undi versi- 
fied as it is, there are areas of considerable extent, only recently 
uncovered from beneath the conglomerate, in which, except in 
the stream beds, no signs of this covering exist. In the strongly 
diversified older rocks, with their greater elevation, this removal 
wouhl be much more (juickly and completely accomplished. 

Secondly. ''The Cretaceous beds along the lx)rders, even in- 
cluding the fossiliferous limestones, in large degree, are chiefly 

*.^pcond Add. Hep. Texas Oeol. Survey, 1891, pp. 60:3-4. 
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shore line deposits of local origin."* If these beds are Trinity or 
lower Comanche limestones it merely proves that at this time the 
older rocks were not completely submerged ; but if they belong to 
the higher beds the argument is quite unanswerable. 

Thirdly. The irregularity in dip of the Cretaceous is men- 
tioned. This is not the case in the more northern region which 1 
have studied. This irregularitj' in dip may have been due to 
original irregularities of the old land surface or to subsecjuent 
deformations which Dr. Comstock himself has proved to have 
occurred in the region under consideration. 

The fourth and fifth arguments refer to the effects of faults in 
the older rocks, the meaning of which T cannot quite make out 
from the brief statement which he was obliged to make. Having 
no knowledge of the region in ([uestion or the phenomena referred 
to, 1 should not feel mj'self qualified to answer these arguments. 

The sixth argument is the vast erosion shown in the older 
rocks, far too great to have been accomplished in post -Cretaceous 
times. This is precise!}' the ground that 1 have taken al>ove in 
attempting to show that the centml core has been subjected to de- 
nudation from before Carboniferous times to the beginning of the- 

Cretaceous 

Dr. Comstock's seventh argument is that the pre-Cretaceous 

topography is still being perfected, the present streams occupying 
the old valleys, (^uite in contrast to that which is seen in the 
area only recently uncovered from }>eneath the (cretaceous. A 
stream superimposed upon a lower rock through an unconform- 
able covering finds itself following an irregular course, with little 
regard to revealed topography and structure. It is now pretty 
well proved that the streams will eventually adjust themselves 
to the newly formed topography. 1 have attempted to show, in 
articles in \\\^ Annrunn Journal of Scifiuc^ that this has been the 
case in the Car])oniferous area of central Texas. Where recentlv 
uncovered the streams fiow over the Carboniferous in verv irreoju- 
lar courses, ))ut, as you proceed away from such places, they are 
found more and more in eonformitv with the Carlx)niferous struc- 
ture. The tributaries to the Colorado, and that river itself, show- 
such adjustments. In a region like the older Palteozoic which is 
so much more divereified in topography and structure, so much 
more elevated and, probably, so much longer uncovered, this pro- 
cess of adjustment has had both more time and oppoitunity for 
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•expressing itself. In this way the correspondence of present and 
ancient valleys ma}' be accounted for even though the entire re- 
gion was once completely buried beneath Cretaceous strata. 

The eighth and last argument is in no essential particular differ- 
ent from the first, and therefore requires no separate answ^er. 
With the exception of two of Dr. Comstock's arguments, other 
-explanations seem possible, and these explanations do not militate 
against the theory that the entire Palieozoic and older rocks were 
-once buried beneath the Cretaceous. The weight of the other two 
arguments I cannot attempt to decide upon. 

(Iranting that the Cretaceous at one time extended completely 
across the Palaeozoic and Ai-chean, it remains to be shown how it 
happens that this area contains now no relic of this former covering, 
whereas the Carboniferous abounds in such evidence. The rea- 
son for this cannot be stated definitely, although there are several 
possible explanations. In the first place the Cretaceous, owing 
to the elevated nature of the Palgeozoic core, may have been 
actual I3' thinner here than elsewhere, and hence more (juickly cut 
through. Another possible explanation is that the post- Cretaceous 
deformations noted bv Dr. Comstock mav have elevated these re- 
gions above sea level earlier than the neighboring regions, and 
thus given them a long start in the race of denudation. A more 
reasonable explanation than these even exists in the probable form 
of the Cretaceous sea floor. The central highland region of 
Texas, is at present much more elevated than the uppermost Cre- 
taceous beds to the southeast. Kven the accumulation of several 
thousand feet of sediment could hardly be expected to completely 
efface this old mountain area. It most probablj" formed a great 
dune in the Cretaceous sea, which, in post- Cretaceous times was 
the first to be raised above the sea, and consequently the first to 
b3 attacked by erosive agents. That the elevation of the Cre- 
taceous was in great measure continental in character is shown by 
the uniformity in dip throughout the Cretaceous area. It seems 
probable, therefore, that if, as is supposed, the central district 
was submerged and covered, it was the first to appear, and this 
fact will account for the quite complete removal of Cretaceous, 
and the adjusted courses of the streams. 

In summary it may be said that it has Ijeen the attempt of this 
paper to prove that the central Palaeozoic and pre- Palaeozoic core 
of Texas has been from Ijefore the beginning of Carboniferous to 
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Cretaceous times, almost, if not quite uuinterruptedly a land area 
subjected to denudation ; that, at the beginning of Carlx)niferous 
times the land was already eroded beyond the stages of youth 
nearly to toj>ogmphic maturity ; that, when the Cretaceous period 
began, it found the Carl)oniferous area a low-lying base- levelled 
area, a peneplain siiirting a moderately low and not strikingly 
diversified highland of older and harder rocks; and that the- 
Cretaceous ocean completely covered this region, depositing there- 
on a considerable thickness of Cretaceous rocks. The encroach- 
ment of the Cretaceous sea was rapid as is indicated b\' the pe- 
culiar Trinit}' conglomerate, which is apparently hurriedly worked 
over land debris. The final chapter in the history was the post- 
Cretaceous elevation, which first raised this region above the .sea, 
because its former elevation was in part indicated in the toi)Og- 
raphy of the Cretaceous ocean even through the blanket of Cre- 
taceous strata which covered it. Being the first to be raised 
above the sea it was the first to be eroded, and conseciuently now, 
over large areas, shows no signs of the former covering, either in 
remnants, Quaternary debris, or in unadjusted stream courses. 



NOTES UPON NEBRASKA TERTIARY. 

By P. W. RrssELi., Chicago, lU. 

In the January (1890) number of the (iEol(kiist the writer pre- 
sented some preliminary observations upon certain geologic forma- 
tions of central Nebraska. Obtaining man}' of these data from re- 
connaissance a desired degree of accuracy could not be attained. 
Subsecpient examination has served to reveal more completely 
certain criteria for the study of this central record. One hiatus 
is closing but we can not, as yet, proceed along an unbroken 
sequence. Most noticeable does this become when we endeavor 
to intercalate certain beds between the inferior Tertiary limestone 
and the superior loessian formation. These l>eds, as far as seen, 
do not contain datii for exact horizonal determination. The 
problem then resolves itself into placing them from their relations 
to the other formations. Briefly then to get the seciuence in mind 
let us consider our material. We shall find at the base the un- 
<pwstioned Tertiary buttes. The writer has examined all the 
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outcrops occurring in the counties of Sherman, Howard, Greeley 
and Valley. Two of these Tertiary exposures have been pre- 
viously cited viz: at Scotia and Seneca, in Hooker Co. I will 
give two more, one at Brewster, one at Rockville. With the ex- 
ception of the last the masses rise in isolated buttes from 65 to 
100 feet. Rockville exposes only a few feet. 

In composition there is but little difference. Seneca, Scotia 
and Brewster almost the same ; Rockville slightly more siliceous. 
Among the observed fossils Planorbis, Phy$a^ Limiura, Viviparus- 
identifiable. Also many fragments that cannot be recognized 
even generically. The Seneca outcrop alone has furnished verte- 
brate remains. 

Passing upward to the superimposed and unconformable sands, 
clays, gravels and loessian we find these clearly differentiable 
into two divisions. The sands, clays and gravels comprise 
the beds to be inserted between the other known terms. The 
best locations for examination and study are along lines of 
the Burlington and Missouri River railroad in the aforementioned 
counties. The extremes of variation are a pronounced fen*ugin- 
ous arenaceous mass and a drabbish argillaceous soil. The t3'pi- 
cal component is an iron stained cla}'. The ferrugineity is often 
manifested in small iron concretions and in hand specimens of 
iron-cemented sand. Not infretjuently do these hand specimens 
show the presence of manganese. This particularly from a 
deposit south from Arcadia in Valley Co. Digestion with hot 
hydro-chloric acid demonstrates protoxide of iron as an external 
granular deposit on much of the sand. After such treatment the 
dark grains came out surprisingly white and clear. 

Contrasting the individual particles of this formation with the 
superior and non- conformable loessian distinct differences obtain. 
Tn the lower material the percentum above . 028 mm. is much greater. 
The grains do not show such marks of attrition. The percent of 
water- worn particles is somewhat high but even here the original 
angular faces have not been removed. Of the particles, most are 
quartz, but identifiable I find muscovite, biotite, hornblende and 
glauconite the most common. Of hand specimens syenite, quartz- 
ite, chert, quartz and granite. The last however of very limited 
occurrence. 

As far as observed this horizon is destitute of fossils. Hence- 
present examination must proceed without these valuable indices.. 
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Continued study and search may result in bringing organic 
remains to light. Let us hope. 

The natural outcrops of this formation are rare. In places the 
creeks of the bluffs have cut through the superincumbent loessian 
and thus revealed the clays and sands. This rarity of natural 
outcrop is not strange when we think of the extent and thickness 
of the loessian blanket. But where revealed, whether bv creek 
erosion or railroad cutting, there is exhibited always a non-con- 
formity. Not abrupt, as upon the Tertiary buttes, but having 
more undulation, as though the beds sank quietly below the 
water and received a uniform precipitation. However, such a 
deposition of sediment as did not effectual I3' conceal the previous 
contour. Upon the emergence of the land the drainage at once 
assumed almost the identical conditions that had previously ob- 
tained, and in many places we find streams ninning on loessian 
beds in channels marked out for them prior to the deposition of 
this formation. The Loups are not rapid eroders, on account of 
the load of sediment they carry. They have not hence cut 
through the loessian blanket. 

In the lower of these two divisions above the Tertiary buttes 
we have no vertical cleavage. In this respect it differs pro- 
nouncedly from the formation immediatel}' above. The com- 
mon calcium carbonate nodules are also wanting. In summation, 
then, the cardinal characteristics for recognition are the presence 
of iron and the iron stain; the presence of gravel, some particles 
being quite coarse; absence of fossils; absence of calcium car- 
1)onate, both in nodules and disseminated; absence of vertical 
cleavage, and presence of manganese. The last perhaps rather 
more local than general. These data obtain for all of the many 
outcrops thus far examined in the counties of Valley, Greeley, 
Howard and Sherman. 

Turning to the superincumbent deposit then, let us still further 
note the differences. This formation has a uniform buffish to 
drabbish appearance. The particles arc smaller and more uni- 
form, showing greater attrition. C^alcium carl)onate present in 
nodules and disseminated throughout the mass. Vertical cleav- 
age always found, and becomes one of the most important means 
of identification. The formation is fossiliferous, having such 
forms as Sucn'nca^ Zouites. Helix, Pupa, VaJIoina. HeJicodisvus^ 
ctc.y of which IL'llanlUcust and Sucrhna occur in great numbers. 
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What, then, are the ages Of the formations? Are we justified 
in assigning the lower buttes to the Miocene? It seems so. The 
indications point to this conclusion. If we adopt this determina- 
tion then we may with propriety assign the formation of the blutfs 
to the Pliocene. The question then arises, is the variation be- 
tween this upper Pliocene and the beds immediately under 
greater than might be found in one formation? Considering the 
variableness of the Tertiary, so great dissimilarity might be 
found within the one division. In this case the upper bluffs 
would be the superior member, and the gravels, etc. , the inferior 
meral)er of the Pliocene. 



ON FOSSILS IN THE LAFAYETTE FORMATION IN 

VIRGINIA.* 

By N. H. Darton, V . S. Geological Survey, WaHhfugtoii, D. C. 

In a paper entitled ' ' Mesozoic and Cenozoic Formations of 
Eastern Virginia and Maryland,"! I described the relations and 
distribution of this formation in the western portion of the coastal 
plain region, and announced its extension northward through 
northeastern Virginia and Maryland. 

During the past season I have found that the formation extends 
eastward down the coastal plain peninsulas nearl}' to Chesapeake 
bay. These peninsulas consist of remnants of an elevated plain, 
occupied by a sheet of Lafayette formation, and originally con- 
tinuous over the entire coastal plain. This plane is inclined 
genth' eastward, its altitude decreasing from 500 feet in the Pied- 
mont region, to from GO to 80 feet in the vicinity of Chesapeake 
bay, where it is terminated by an abrupt descent to the low Pleis- 
tocene terrace lx>rdering the bay to a width of several miles. The 
great drainage depressions are excavated in this plain and the re- 
sulting peninsulas are more or less widely fringed by the low, 

*ThiH formation on the Atlantic coastal plain was first described under 
the name Appomattox, by McGee, in 1889, in a paper entitled ** Three 
Formations of the Middle Atlantic Slope,'' Am. Jour, Sci,, 3d series, vol. 
35, pp. 328-330. In the Ameuican Geoixkjist, vol. 8, pp. 120-181, Hilgard 
proposed to revive the term " Lafayette," which was applied in the Mis- 
sissippi region in 1855-*56, and the term was adopted by McGee and Dar- 
ton in a chapter on the Geology of Washington in the guide to Washing- 
ton, prepared for the meeting of the International Congress of Geolo- 
gists, in August, 1891. 

tGeol. Soc. Am. Bui., vol. 1, pp. 431-450, map. 
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Pleistocene terraces which occupy them. The peninsula rem- 
nants of the high plain are also invaded by steep-sided, lateral 
drainage-ways. The aggregate area of Lafayette formation re- 
maining is, however, more than half of the original amount, and 
the level, monotonous surface of the old plain is the characteristic 
feature of all the higher land of eastern Virginia and Maryland. 

In its eastward extension the formation gradually becomes finer- 
grained; the pebbles are small and in less proportion and the 
amount of argillaceous matter increases. The predominant mate- 
rials are orange and buff sands, with irregularly distributed drifts 
and sprinkling of small pebbles. Near the base of the formation 
in the easternmost localities thin beds of grey clay become conspic- 
uous, but they alternate with beds of sharp sands. The forma- 
tion gradually thickens, also, and finally a thickness of from forty 
to sixty feet is attained. Throughout its eastern extension the 
formation lies unconformably on the east-dipping surface of the 
Chesapeake (Miocene) sands and its base usually includes more or 
less Chesapeake materials. 

It was hoped when the off-shore deposits were studied that fos 
sils would be found, for no traces of organic life had been dis- 
covered in the coarse beds farther westward, and it would be very 
interesting to know something of the life which existed in this re- 
gion in Lafayette times. Careful search finally resulted in the 
discovery of a fossiliferous locality, but the remains throw but little 
light on the question. They consisted of water- worn shell frag- 
ments, and occurred in a thin coarse sand stratum a few feet 
from the base of the formation, in a road-cut a short mile north- 
east of Heathsville, the county seat of Northumberland county, 
Virginia. 

The remains were submitted to Dr. W. M. Dall, of the Smith- 
sonian Institution, and to Dr.W. B. Clark, of Johns Hopkins Uni- 
versity, but as the material was in such poor condition it was diffi- 
cult to identify species. The most abundant individuals were IV/* n% 
mercenaria; a Gnathodon was recognized which Dr. Clark thought 
was probably G. grai/ii, and a badly worn shell suggested Anomia 
simplex to Dr. Dall, but he was very doubtful as to its identity. 

The Venufi mercenaria has such a wide range as to be of no ser- 
vice in the present inquiry. Gnathodon grayii is a Miocene form, 
but other Gnathodons occur in the Pliocene, and the genus is still 
living in the seas of the far south. 



Qimteniary Geology. — Gordon, 183 

Owing to their proximity to the Chesapeake formation, and the 
broken and water- worn condition of the shells it is possible, if not 
probable, that they were derived from the underlying formation. 
The soft, loose Chesapeake sands at this locality were never richly 
fossiliferous and have lost their shells by solution, but there are 
other localities, not far from Heathsville, where both Venus mer- 
cenaria, Gnathodon and other Miocene shells occur in abundance 
in the Chesapeake formation. 



QUATERNARY GEOLOGY OF KEOKUK. IOWA, 
WITH NOTES ON THE UNDERLYING ROCK 

STRUCTURE. 

By C. H. Gordon, Bvanston, III. 

While the Keokuk limestone with its very interesting piscine 
and crinoidal fauna, and the shales with their peculiar siliceous 
deposits, have made this locality widely noted, the special topo* 
graphical and stratigraphical features of the region have received 
comparatively little attention. We have noted already some of 
the important features pertaining to the lithified deposits*, and it 
is the purpose of this paper to consider the equally significant 
topographical and Quaternary features. 

Keokuk is situated in Lee county, which comprises the triangu- 
lar area at the junction of the Mississippi and Des Moines rivers, 
in a bend of the Mississippi about two miles above its confluence 
with the Des Moines. For a distance of eight miles above the 
city, the general course of the river is due south with a slight 
bend to the west. Opposite Main street it makes a sharp turn to 
the west, bearing off s. w. by w. for nearly three miles, where it 
is joined by the Des Moines and again resumes its southerly course. 
From Montrose, nine miles above, the river flow^s over the cherty 
layers at the junction of the Burlington and Keokuk beds, giving 
rise to what is known as the Des Moines rapids. The canal along 
the western bank, constructed and maintained by the government 
to overcome this impediment to navigation, constitutes one of the 
important engineering features of the river. Just below the 
lower lock, an iron bridge spans the river, connecting the city 
with Hamilton, a thriving village on the Illinois side ; while a few 

♦American Geoix)gi8T, Oct., 1889, p. 237; same, May, 1890, p. 267; 
American Naturalist, April, 1890, p. 305; American Journal of Science, 
Oct., 1890, p. 295. 
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miles below, and easily seen from the hights at Keokuk, are War- 
saw on the Illinois side, and Alexandria in Missouri. The former 
is of interest as being the home of A. H. Worthen, whose labors as 
stat^ geologist of Illinois placed him in the foremost rank of scien- 
tists. The name, Gate City, was applied to Keokuk in the old days 
of prosperous river traffic, when its position at the head of naviga- 
tion made it the "entering port" of much of Iowa's commerce. 
Topography. — The thickness of the surface deposits is not 
such as to materially affect the topographical features of the re- 
gion, and hence these derive their significance largely from the 
subjacent rock surface. A high mural escarpment faces the river 
along the eastern and southern sides. In places this wall is con- 
siderablv reduced and toward the south is intersected bv the nar- 
row valley of Soap creek, leading in from the northwest. Near 
the lower lock, the escarpment rises in bold outlines, with retreat- 
ing summit, to a hight of one hundred and sixty feet. Farther 
to the north, the bluff presents a steeply sloping face covered 
with superficial deposits. On the south, the escarpment is bold 
and conspicuous, rising to a hight of nearly two hundred feet, 
its face irregularly scalloped by narrow and short ravines. The 
highest points at the north and south are capped, underneath the 
Quaternary, by Coal Measure deposits, while between these points 
varying portions of the underlying rock have been removed by 
pre-glacial erosion. Patches of the St. Louis beds still crown the 
bluff at places north of Main street, while at its foot, erosion has 
extended to the Geode formation of the Keokuk beds. A drain- 
age basin occupies the interior of the city north of Soap creek, 
and opens into the valley of that stream a little above its mouth 
In this area the rocks above the Geode formation have been largely 
removed, leaving an amphitheatre-like depression, partially filled 
by subsequent deposits. These have suffered considerable de- 
nudation, however, since the time of their deposition. Toward 
the northwest, the surface gradually rises to the narrow undula- 
tory plateau forming the divide between the drainage systems of 
the Mississippi and I)es Moines rivers, and brt)adly scalloped on 
either side by subsidiary drainage basins. At Montrose, the 
bluff recedes from the river, leaving a belt of high bottoms three 
or four miles wide between this point and Fort Madison above. 
Beds of sand and gravel are here found twenty to thirty feet above 
tiie present high-water level of the river. Between this point 



Quaiern ary Geolixjy, — Gordon . 



185 



and Keokuk, a band of water-worn shells of the same species as 
those now living in the river (Uniones) extends along both sides 
of the river at an altitade of fifteen to twenty feet above present 
high water mark.* There are indications that between these 
points the channel of the river in pre-glacial times was west of 
where it is now. 

Rock Series. — The following is an approximately complete sec- 
tion of the rock series as now known here, t 
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I. UOCK SECTION AT KEOKUK, IOWA. 

Thick. Depth. 

1. Sandstone with Stigiiiaria^ exposed. . . . 10' 

2. Black fissile shale 6' 

3. Coal l'-6' 8-4 

4. Fireclay S" to 6" 

5. Blackshale It' 20 

6. Sandstone with Stigmaria; rests upoa 
the uneven surface of the St. Louis lime- 
stone. Lower portions include limestone 
fragments, and occasionally Lithogtro- 

tion ranadenae 10' to 20' 36' 



7. Upper, Brecciated limestone. Stratifi- 
cation irregular. Portions abounding in 
greenish and gray clay. Limestone 
fragments 5 to 12 inches in diameter, 
and more or less water-worn. Fossils 
usually in fragmentary condition. Z. 
eanademe 8' to 20' 60 

8. Middle, Light or bluish-gray sandstone. 
Calcareous above, more or less massive 

grit below 5' to 10' 58 

9. Iiower. Yellowish -gray or brown mag- 

nesian limestone. Archimedes wortheni .Vi' 70' 



us, 



10. Upper orGeode FornyUion, Shales more 
or less calcareous, with occasional lime- 
stone layers. Filled with geodes ....'.. 50 to ttO ' 110 

11. Lawer, or Limestone Fomuttion, Layers 
variable, with one to six inch clay part- 
ings. Argillaceous below 60 ' to 65 ' 170 ' 

'^'Worthen refers to this as marking the low water level of the rivnr at 
Home previous period of its existence. Geological Report, Iowa (1858), 
vol. I, Part 1, p. 186. 

tThe exposures here comprise all the beds to the base of the Keokuk, 
including six to *en feet of the underlining transitional chert beds now 
classed with the Burlington. The remainder of the section was derived 
from the records of the Hubinger artesian well kept by the writer and 
published in the American Geologist for October, 1889, p. 237. 

tFor a fuller description of these beds see American Journal of 
Science, Oct., 1890, p. 295. 
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12. I >i)er. Chert formation 80 ' 250 ' 

Burlington. \ 13. TAmer, Limestone 40 ' 290 ' 

V Calcareous shale 65 ' 365 ' 

Kinder- \ 14. Limestone 10 365' 

HOOK. \ 15. Shale 195' 560' 

Hamilton. 16. Limestone (shaly) 65 ' 025 ' 

Oriskany. 17. Sandstone (water) 20 ' 645 ' 

Vt.^.i,* M^. Limestone ("sandy") 55' 700' 

.^ lAO ARA. J jg Sandstone (water) 87 ' 737 ' 

^^^"^ River ( ^^' Cincinnati (Maquoketa) shale.... 63' 800' 

^Trenton^^ ( ^^- Limestone, "sandy" below 140 ' 940 ' 

Lower i 22. St. Peter's sandstone 110' 1050' 

Maonbsiank 28. Alternating limestones and sand- 
OR Ozark, (^stones (water) 785 ' 1805 ' 

TtU. — The drift covering this part of the state belongs to the 
first glacial epoch. It is denominated the lower till and consti- 
tutes the attenuated border of the drift region. It gradually di- 
minishes toward the south and disappears in the vicinity of St. 
Louis. The following section was obtained at the foot of Ex- 
change street on the bluff overlooking the river: 

SECTION II. 

4. Boulders, gravel and sand commingled. Boulders and 
gravel predominating. All more or less cemented to- 
gether by calcareous nuiterlal. Boulders from 8 to 10 
inches In diameter 6 feet 

3. Boulders, clay, gravel, and sand In irregular patches. 
Same as No. 4, but boulders larger, frequentl}' from 2 to 
6 feet In diameter 18 feet 

2. Blue clay, gravel and sand 1 to 8 feet 

1. Shales of the Geode formation 13 feet 

At the foot of Bank street, one block south, No. 3 was seen in 
contact with the Geode shales. In this division erratic boulders 
predominate, while above in No. 4 limestones are numerous and 
apparently but little removed from their original locality. Frag- 
ments of the St. Louis. Keokuk and Burlington limestones were 
observed. Some of the boulders were greatly exfoliated and de- 
composed. This, together with their cemented condition, has 
been adduced by Chamberlin and Salisbury' as evidence of the 
early origin of the border till.* No striated boulders were ob- 

*r. S. Geol. Surv., 0th An. Rep., p. 204. 
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served. This may be accounted for by the exfoliation which they 
have suffered. Moreover, those rocks which have suffered little 
from this cause, were probably borne along within or upon the 
ice. Mr. Guthrie has shown* that boulders thus inclosed are con- 
stanth' rolling upward in the same manner that the coarse mate- 
rial in roily water is whirled upward and outward to be de^wsited 
along the banks, or transported to some quiet resting place. 

Lo€s«. — A cutting at the corner of Second and Des Moines 
streets not far from the alx)ve locality, discloses the following 
arrangement : 

SECTION III. 

7. Fine, dark drab or ash-colored material, becoming coarser 

below, and gradating into No. 6 8 feet 

6. Coarse red sand, mingled with finer particles; approaches 

a red clay in places 10 feet 

5. Fine white sand, interstratified with hard red iron oxide 

liands from 1 to 2 inches thick 4 feet 

4. The boulder be<l underlying the above shows its relations 

to the preceding section ? 

Ferruyinous Zone. — The uppermost division presents the typical 
characteristics of loess. No. 5 and the lower part of No. 6 are 
more or less stratified. No. 5 is made up of white quartz grains 
varying in size from 1 to 4 mm. in diameter, those above 2 mm. 
predominating. They are more or less rounded in outline, though 
angular forms are not wanting. The red bands show no variation 
except in the presence of cementing material in the form of iron 
oxide. No. 6 differs from No. 5 in the added presence of grains 
from 4 to 10 mm. in diameter, and an abundance of iron oxide 
and finer particles. Under the microscope the oxide may be seen 
coating the sand grains, and in masses, along with the smaller 
particles, filling the interstices between the coarser grains. A 
vertical cut through the bed exposes small cavities with hardened 
walls, partially filled with clean white sand. The same white 
grains may l)e obtained from the main mass b}' dissolving the 
oxide with hot hydrochloric acid, thus indicating the probable 
origin of these pockets in a leeching process, due to waters 
charged with organic acids derived from the decaying vegetation 
above. Rounded grains are common. The decided coloration is 
a prominent feature of this bed. Wherever laid bare it is easily 
traced for long distances. Just above Warsaw, on the Illinois 

*LtLke Michigan Glacier, p. 11. 
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side, is an exposure easih' recognized from Keokuk several miles 
away. Pebbles of granite are oceasionalh' found, but are not 
numerous. Chert fragments are frecjuent, and often occur in 
accumulated masses. T have also obscr>'ed geodes distributed 
sparingly through the bed. Lime concretions occur in the up|>er 
portions. The deposit is mostly coarse and porous, and is some- 
times used for molding purposes. This bed has sometimes been 
considered as representing the more important formation towards 
the south, called the Orange Sand. Hilgard, Avho first studied 
these beds (Orange Sand), regards them as the southern equiva- 
lent of the northern drift, considering the materials of the two to 
be * 'essentially correspondent, " and asserts *-that there are but 
two essential particulars to distinguish it from the beds of the 
northern drift proper; first the absence or at least great scarcity 
of erratic rocks proper, * * * and secondly the great preva- 
lence of limited .deposits of feiTuginous sandstone or conglom- 
erate. * * Tn the drift of the northern states the ferruginiz- 
ing process has played but a subordinate part."* Until quite re- 
cently this view has been sustained by nearly all of the geologistst 
who have written upon the subject, those of Illinois alone dis- 
senting, and insisting upon their pre- Pleistocene character. The 
latter view has recently been confirmed by investigations in east- 
ern Arkansas under the auspices of the state geological Hurve\*.R. 
E. Call, who has made a special study of the Orange Sand, gravels, 
and Loess of Crowly's ridge, says that he regards the Tertiary 
age of these beds as uniKiuivocal.J In a contribution to the same 
report, R. 1). Salisbury sustains this opinion from confirmatory 
evidence gathered along the lower Ohio. Briefly, the reasons ad- 
duceii by the latter for this disposition of the beds, are as follows: 

1. The unconformity which exists between the loess and the under- 

lying gravels and sands. 

2. The profound weathering and oxidation which these formations 

underwent previous to the deposition of the loess. 

3. The constitution of the gravels of Crowley's ridge precludes 
their reference to the Pleistocene.^ 

♦American Journal of Science, 2nd Ser. No. 123, p. 315. 

tSafford, Am. Jour. Sci., 1864, Vol. 37, p. 361. 
Dana, J. D., Manual of Geology, p. 54i8. 
Leconte, Elements of (4eolo^y, p. 548. 
Loughridge, Jackson Purchase Kegion, Ky. Geol. Surv. 1888. 

{Arkansas Geological Report, Vol. ii, 1889, p. 126. §Same, p. 224. 
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Upon the last point Salisbury's statements are greath' at vari- 
ance with those of the majority of previous writers, for he says 
that, in th'e f<hundreds of exposures examined for this especial 
purpose, not a single pebble of demonsfrabli/ northern oriyin has 
ever been foinul/^ If the correlation of these l)eds with the Ter- 
tiary ])e accepted, and the evidence presented seems conclusive, 
it opens anew the question as to what constitutes the southern 
representative of the drift corresponding to the first episode of 
the first glacial epoch. This is found by the aljove writers in the 
lower division of the loess, alx>ve which is a zone of oxidation 
with traces of an old soil separating it from the hiter loess alx)ve. 
According to this view, it would seem probable that all the de- 
posits al)ove the till at Keokuk should be refeiTed to the loess, 
and if the ferruginous zone corresjwnds to that giving rise to the 
two-fold division suggested by the above authors, then we have 
the lower division of the southern loess represented here In* the 
lower till and the ferrughwus iHvision abovf. An explanation of 
this, however, ma}' be found in the peculiar location of Keokuk 
just within the border of the glacial area. In the retreat of the 
ice sheet to the north there would l)e deposited first the material 
held by the ice, forming the lower till. But, tis the edge of the 
ice receded up the valley, the deposit would graduallv change, 
l>ecoming essentially estuarian in character. Then followed a 
period of deglaciation during which, probably, oxidation played 
a prominent part. This constitutes the interglacial episode of the 
earlier glacial epoch. Then came the closing episode, during 
which, apparently, estuarian conditions prevailed, and the main 
body of the loess was dejKJsited. According to Chamberlain and 
Salisbury this all belongs to the first glacial epoch after which the 
conditions of loessial dejwsit no more obtain, and the subseciuent 
history of these regions is one of continued oxidation, erosion and 
rearrangement. 

In studying this formation we have been specially interested to 
learn if there is an}' significance in the fact that it is most prom- 
inently developed opposite and for some distance above and below 
the mouth of the Des Moines. In seeking an explanation of the 
probable source of the material constituting it, the agency of that 
river must not be overlooked. For a large part of its coui-se it 
has been cutting its way through the sandstones and shales of the 
(/Oal Measures. About one hundred miles above its confluence 
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with the Mississippi occurs an excessive development of red and 
variegated sandstone. In the vicinity of **Red Rock," to which 
it has given name, this bed has a maximum thickness of 150 
feet.* The material gathered by the river from this and other 
rocks in its course must have had some part in determining the 
character of the deposit forming about its mouth. 

The Upper Loess. — The upper portion presents the usual char- 
acteristics of typical Loess. A careful examination reveals the 
presence of quartz grains essentially the same as in the ferrugi- 
nous portion, but greiatly diminished in number. The main mass 
consists of finely divided particles, rock-flour, varying in size 
from . 01 to . 05 mm. in diameter. They show no signs of attrition. 
A bare trace of iron oxide may sometimes be observed. No fos- 
sils were seen though the **lime balls'' or * *loess-kindchen" held 
by some to be derived from fossil shells are common. 

Evanston^ III. 

EXPLANATION OF PLATE. 

Qooi^ f^^r^^r^*^ «« A^,,*» A\ I Horizontal 1 to 19680. 
Scale (except in figure 4). ^ Vertical 1 to 1920. 

Fig. 1. Profile section (4J4 miles) from west to east, through Keokuk 
and Hamilton, 111., crossing the Mississippi in the vicinity of the lower 
lock of the Des Moines canal. 

Fig. 2. Profile section {3J4 miles) from southwest to northeast across 
Keokuk Point, starting from a point midway between the mouth of the 
river and Des Moines bridge. 

Fig. 3. Profile section ^ mile southeast of No. 2, and parallel with it. 

Fig. 4. Profile section on Des Moines from the river to Sixth street. 

1, 2, 3, 4 equal 4, 5, 6, 7 of Section iir., p. 187. 



ORIGIN OF THE GRAVEL DEPOSITS BENEATH 

MUIR GLACIER, ALASKA. 

By Israel C. Russell, Washington, D. C. 

[Willi contributions by Prof. G. Fredebick Wright, Prof. Harrj- Fielding Reld and Mr. 
H. P. Cnshing.l 

III an excellent article on the Muir glacier, in the October num- 
ber of this journal, Mr. II. P. Gushing described the gravels on 
which the lower end of the glacier rests, but states that he is un- 
able to explain their origin, t 

♦Geological Report Iowa (1858), Vol. ii, Part 1, p. 168. 
Keyes, C. R., Bull. G. 8. A., Vol. ii, pp. 277-292. 

tThe same deposits are discussed by G. F. Wright in Ice Age in North 
America, pp. 57-61; and also in American GEOiiOOisT, vol. 9, pp. 880-381. 
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I made a hasty examination of the gitivel deposit beneath the 
ice on the east side of Muir inlet, in 1890, and believe that if I 
can make clear to my readers how similar accumulations of gravel 
and sand are now forming in other ix)rtion8 of southern Alaska, 
we shall be able to come to an agreement as to the history of 
those under consideration. 

The Lesson. 

About the outer l)order of the Malaspina glacier and at the foot 
of the Atrevida, Black and Lucia glaciers on the west side of 
Yakutat bay, there are immense ^« boulder washers," as I have 
been in the habit of calling them, which are being deposited by 
over- loaded, glacial streams and have the essential feature of the 
''alluvial cones" or '^alluvial fans," so common in arid regions, 
except that the material of which they are composed is in general 
more thoroughly rounded. The}' are also similar to the subaerial 
portions of the deltas of high-grade streams. 

One of the most characteristic boulder washers observed in 
Alaska, is on the east side of the Atrevida glacier, and has its 
apex at a locality where a creek of turbid water, called Esker 
stream, rushes out from a tunnel at the foot of a precipice 
of ice about 200 feet high. * The stream flows for two or three 
miles through a deep gorge, having a moraine-covered blutT of 
ice for its right wall for a large part of the way, and a precipi- 
tous mountain slope, loaded with morainal deposits, for its left 
wall. The gorge has been formed by the melting back of the ice 
owing, in a great measure, to the action of the stream which flows 
through it. Man}' other sub-glacial streams emerge in a similar 
manner at the margins of the glaciers mentioned above. Some of 
these have cut back deep bays or canon- like recesses in the periph- 
ery of the ice; while others have failed to form re-entral angles 
of this character. Whether or not a local recession of the ice- 
front shall follow the emergence of a sub-glacial stream, depends 
on the volume and swiftness of the stream, and on the amount 
and size of the debris that rests on the ice, and as the ice melts, 
falls into the stream. When the stream is strong enough to keep 
its channel open, a deep notch in the ice-front may result; but 
when the debris from the sides and head of the recession is abun- 
dant, and especially when it is of large size, the channel frequently 

♦An illustration of the source of this creek is given in Nntioiml Gco- 
f/raphic Magazine^ Vol. 3, 1891, pi. 10. 



192 The Ame-r lean Geologist, March, i89ir 

l)ecomes choked, and the sub-glacial waters are forced to find a 
new outlet. 

In the case of the stream issuing from the Atrevida glacier, the 
channel is deeply filled with debris, most of it of large size, de- 
rived from the ice cliffs near its source, but the water is swift and 
the boulders are swept along the channel until they can find a 
resting place. When near the stream, one may hear, even above 
the roar of the torrent, the dashing and pounding of the lx)ulders 
as they are rolled along and hit against each other or against the 
still larger stones over which the water rushes. As soon as the 
caiion widens, the stream divides and piles up the lx)ulders, now 
on one side of its channel and now on the other, while the finer 
material is carried farther down. Owing to the deposition of the 
coarser portion of the heavy load with which the stream starts, its 
cliannel is built up higher than the adjacent surface, and conse- 
quently the drainage is unstable. Some three miles from its 
source the stream passes a spur of hills on its left and has room 
to expand its deposits. It then bifurcates again and again, and 
is constantly' forming new channels. The region through which 
the stream flows is heavily timbered and the expansion of the tor 
rent-swept area is accomplished by invading the forest on either 
side of its course. Where this has occurred recentlv, the dead 
trees are still standing, and in some instances even retain their 
withei'ed foliage; farther out in the gravel deix)sit they are dead 
but unbroken; while still farther away, only trunks and stumps 
project above the barren, stream-swept surface. The de- 
bris thus being laid down has the form of a segment of a low 
cone. The apex of the cone is four or five miles from its base, 
on Yakutat bay, and has an elevation of some six or eight hun- 
dred feet. Its breadth near its base is about two miles. The 
depth of ttie deposit cannot be determined, as building is in active 
progress and dissection has not begun, but judging from the con- 
tour of the adjacent surface, is must l)e several hundred feet in 
the central portion. The deposit is coarse and sub-angular near 
the apex of the cone, lx)ulders four feet in diameter being not un- 
common, but become finer and finer near its base. The outer 
portion of the deposit, near Yakutat bay, is composed of gravel 
and sand. From the mo<le of its formation and the character of 
its surface, it is safe to assure that it is cross-stratified through- 
out and has many abrupt alternations of fine and coarse material. 
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Trunks and branches of trees are scattered over its surface or im- 
bedded in the superficial layers. Portions of trees probably oc- 
cur throughout the deposit, and beneath it over large areas, there 
must be a l)uried forest. Conditions are easily conceived whereb}' 
other forests might become buried above the first. 

The debris carried down bv the stream is derived almost en- 

ml 

tirely from the moraines on the glacier from which it flows, and 
partakes of their heterogeneous character. Examples of all of 
the rocks bordering the east side of the Atrevida glacier occur in 
the stream deposit. 

Owing to the fact that the stream is overloaded at its source 
and is depositing in that region, it is evident that the apex of the 
cone is rising, and, consequently, that it is increasing in thick- 
ness throughout. The grade of the stream increases towards its 
source and will continue to increase as the ice wall from beneath 
which it flows recedes farther and farther. These conditions, to- 
gether with the constant bifurcation of the stream as it flows down 
the cone, thus decreasing its transporting power, make it evident 
that the cone will continue to grow in all of its dimensions until 
the glacier which feeds it, both with water and debris, ceases to 
recede, or until the ratio between water supplj' and the amount of 
debris contributed is greatly changed. ' 

Another boulder- wash which is being formed by Kwik stream, 
at the foot of the Lucia glacier, is several times larger than the 
one described above, but is of the same type. Manj'' others of 
less size were observed at the extremities of the secondary glaciers 
about Disenchantment bay, and about the borders of the Malas- 
pina glacier. These numerous examples seem suflAcient to dem- 
onstrate that deposits of boulders, gravel and sand of the nature 
of those noticed alx)ve, are dependent on the retireat of the gla- 
ciers about which they are formed. Should a glacier, after re- 
treating and depositing an alluvial cone, become stationary, it is 
evident that the amount of coarse debris contributed to the streams 
draining it would be greatly decreased. The streams would then 
be in a condition to erode the deposits previously laid down, and 
to cut channels through them. Should a glacier then advance, it 
might override or plough into the deposits about its front, and 
thus still further assist in their removal. 

Owing to the rapid disintegration of rocks under the climatic 
conditions prevailing in southern Alaska, alluvial cones, more 
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nearly allied to those of arid regions than are the great boulder- 
washers just described, occur at the mouths of high-grade gorges 
which join broad caiions, or valleys, but it is not desirable to con- 
sider these at present. 

The Application. 
From the ver}' clear description of the gravel deposits beneath 
the Muir glacier given by Mr. Gushing, as well as from my own 
hasty examination of them, I am inclined to think that the}' are 
of the same nature as the boulder washer to which attention has 
been directed. In describing the gravels beneath Muir glacier 
Mr. Cushing says: — 

"They were deposited by swift currents. The material is all coarse, 
alternating beds of gravel and sand, the gravel largely predominating, 
and with little or no admixture of clay. Rapid alternations of horizontal 
and cross-bedding characterize them. A considerable number of the 
pebbles In the gravel are derived from the eruptive rocks far to the 
north. They have their edges rounded but are much more angular than 
are stones which have suffered attrition in water for any considerable 
length of time. They have rather the aspect of somewhat water-worn 
glacial pebbles.* 

Other points of close similarity between these gravels and the 
Ijoulder washes now forming, might be cited from the reports of 
Cushing and Wright; but it is better, perhaps, that the reader 
who is interested in this discussion should consult the original 
descriptions. 

If we assume that Muir glacier formerly retreated a few miles 
above its present terminus, so as to allow forests to occupy the 
region about the head of Glacier bay, and that from the extremity 
of the retreating glacier a boulder wash was spread out and in- 
vaded the forest, and should the glacier then advance and over- 
ride the deposit of l)oulders and gravel, we should have an occur- 
rence similar in every way to what is now found at Muir inlet. 

That glaciers of greiit thickness may overrun unconsolidated 
gravels, without disturbing them, is no longer open to question. 
An occurrence of this nature on a much larger scale than at Muir 
inlet, may be seen along the southern margin of the Malaspina 
glacier, midway between ley ba}' and Point Manb}', where the sea 
liad encroached upon the glacier and for about three miles ex- 
posed a blutf of ice some three hundred feet high, resting on an 

*.\merioan Geoi,(mji8t, Vol. H. p. 219. 
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undisturbed gravel and boulder deposit. The Quaternary gla- 
ciers near Mono lake, California, are known to have done the 
same thing, as is plainly recorded in the gravel-lined troughs 
through which they flowed, and which still retain their original 
contour. 

A more careful study of glaciers may show that there is a ratio 
between the grade of an ice stream and its rate of flow, which de- 
termines whether it shall erode or protect its bed, or permit of 
the accumulation of debris beneath the ice. 

The manuscript of this paper was forwarded in turn to Prof. G. 
Frederick Wright, Prof. Harry Fielding Reid and Mr. H. P. 
Gushing for criticism and suggestions. Their contributions to' 
the discussion are given below: — 

CONTRIBI'TION BY PrOF. G. FREDERICK WrKUIT. 

3[r. Russell having kindly permitted me to read his paper upon *The 
Origin of the Gravel Deposits beneath the Muir Glacier, Alaska," and 
having asked me to add any suggestions which come to my own mind 
upon the subject, I would say that his explanation of the origin of the 
phenomena seems to me exceedingly probable, and gives great relief to 
mv mln<i. One fact which he has not mentioned which I had recorded 
(see Ice Age, p. 57) seems to agree perfectly with Mr. Russell's observa- 
tions. On the west side of Muir glacier the gravel deposits which have 
covered the forests, and which are now in part overridden by the glacier, 
rise from 100 feet above sea-level at the southern termination of the de- 
posit, to more than 300 feet in the vicinity of the present ice-front, which 
seems to be exactly in accordance with Mr. RusselPs theo^3^ 

This explanation furnished by Mr. Russell of the perplexing facts in 
Muir Inlet illustrates anew the complicated character of the forces 
in operation during both the advance and the retreat of a great glacier, 
and shows how competent a glacier is to account for most diverse classes 
of facts. With such a cause in the field, we may well hesitate long be* 
fore concluding that we have exhausted its capacity or resorting to un- 
known causes for the explanation of our facts. 

Oberlin, Ohio, Nov. 10, 1891. 

Contribution' by Prof. Harry Fielding Reid. 

The explanation given by Mr. Russell of the sand and gravel deposits 
on the shores of Muir inlet seems perfectly satisfactory. From Mr. 
Cushing's observations both he and I were convinced that they were 
formed by running water. The gravels in Main valley and in the valley 
of the Dying glacier probably have a similar origin; in these cases, how- 
ever, they sweep quite across th*) floors of their respective valleys- We 
often questioned whether the deposits on the two shores were ever con- 
nected, without finding any evidence pro or con. 
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The gravels forming these deposits vary in size from sand to pieces as 
large as one^s fist, rarely being much larger; so it is probable that the 
glacier is now somewhat more extended than when they were laid down, 
and that the upper end of the cone where larger and more angular rocks 
would be found, is still under the ice some distance higher up the valley. 
The highest part of the bluff overlooking the Inlet is about 150 feet 
above tide, and occurs about where the glacier ended at the time of 
Prof. Wright's visit in 1886 (see map in "Studies of Muir glacier," shortly 
to be published in the Natioiial Geographic Magazine.) According to 
Mr. Russeirs idea they should become higher as we ascend the valley; 
as a matter of fact they become lower, being almost at water level at the 
point where the ice- point stood in 1890. Hence if Mr. Russell's explan- 
ation is correct, and I think it very probably is, some 150 or 200 feet of 
^hivel has been carried off from this point (and still more higher up the 
valley) since the former great retreat of the glacier. The angular rocks 
spread over the surface of these deposits were left there during the 
present retreat of the ice. 

Charpentier was the first one, I think, to notice that glaciers will ride 
over gravels* It is a mistaken notion that sands and gravels do not form 
a solid bed. When prevented from yielding laterally, or, what amounts 
to the same thing, when in large amounts, they offer a remarkably tirm 
support. In soft, marshy lands it is customary to make satisfactory 
foundations for buildings by driving in piles, withdrawing them, and 
then filling the holes with sand. 

Cleveland, Ohio, Not. 23(1, 1891. 

Contribution bv Mr. H. P. CusniNG.t 

I have read your MS. with great interest. It clears up several doubtful 
points, but I must.confess that the main difliculty under which I labored 
in endeavoring to interpret the phenomena does not seem to be helped^ 
That the deposits were formed by overloaded sub-glacial streams was 
clear to me. It was not clear, however, and is not yet, how they could 
be deposited in such a location. A glance at Reid*s map accompanying 
my paper, will indicate what I mean. Muir inlet is narrow and deep, 
and its shores are precipitous mountain slopes, except for the narrow 
apace occupied by the gravels, which rest on an old forest soil. As 
stated in my paper, p. 221, suppose the ice to have retreated some few 
miles back, which is also required in your explanation. As the ice re- 
treated, sea water would follow it, certainly for a considerable distance, 
leaving merely a narrow sloping shore between the water and the mount- 
ain slopes. How a stream could run along such a shore for any distance 
and build up such a deposit, I cannot conceive. After running at the 

♦Essai sur les Glaciers, 1841, p. 72, foot note. 

tMr. Cushing's letter was not intended for publication, but perniission 
was granted to use such portions of it as I thought best. The paragra^ hs 
given above are all that relate directly to the subject under discussion^ 
and are presented with a few slight verbal changes. 
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most a very short distance, it seems to me that it must have turned its 
course into the sea. That is, of course, with the relative levels remain- 
ing as at present. That is what puzzles me. With Muir glacier retreat- 
ing, and some distance away from this spot, how is a stream of water 
from the glacier going to be able to reach it? That Muir glacier did so 
retreat, and long enough to allow a forest growth on the mountains all 
around its basin to take place, is certain from the evidence there. (See 
my paper p. 223.) I thought it more probable that these gravels were 
deposited during a pause in the advance of the glacier which followed 
the recession, and w^hen it was near this spot, simply because I was un- 
able to conceive how otherwise streams could have reached this spot 
with their gravels. If this point is well taken the natural conclusion 
would be that the conditions were in some way diiferent from the pres- 
ent, and there being no evidence as to what that difference was, so far as 
I found, nothing remained but speculation. Moreover the deposit, 
reaches its greatest hight where it rests against the mountain slopes, 
in one place 600 feet above the water. Again, as you can see from the 
plate accompanying my paper, where the glacier rests upon these depos- 
its they regularly decrease in hight as the ice increases in thickness, 
show^ing a diminution in hight toward the north. This may be due to 
the ice over it, but I doubt it. 

This then is my main trouble abaut accepting your explanation, if 
Muir glacier should now retreat five miles, sea water, not forests, would 
occupy the large part of the territory deserted by the ice, and a long 
stream running along a narrow shore parallel to the coast line and 
building up a thick deposit thereon seems to me *'agin Natur,^* as Josh 
Billings would say. 

Muiiflitn^ Germany^ Der, p, 1891, 

The main objection which Mr. Cashing urges seems to be that 
the gravels are found on the borders of Muir inlet, but are absent 
from the central portion, where there is now deep water. If the 
explanation I have suggested is the correct one, we must suppose 
that the alluvial-fan spread out by the streams flowing from Muir 
glacier daring its retreat, advanced southward and occupied the 
entire width of the valley, and formed a delta when the sea level 
was reached. Only the marginal portions of this deposit are 
now exposed; the central jwrtion, and most of the surface, as 
suggested by Prof. Reid, having been eroded away. The greater 
erosion along the axis of the valle}' may have been due to the 
advance of the glacier which was capable of re-opening the 
central part of the channel where the ice current was deepest 
and most rapid, while remnants of the interglacial gravels were 
left at the sides. 

Wnshiiujton, D, C, D*c 22, 1S91. 



15*^> The American Geologist. Mnrch, isw 

EDITORIAL COMMEIs^T. 



THE SO-CALLEF) LAIRENTIAN LIMESTONES AT ST. JOHN, NEW 

BRUNSWICK. 

We are obliged to Prof. Matthew for stating concisely the evi- 
dence of the Archean age of the liipestones which at St. John 
contain the newly discovered fossils mentioned in the Geologist 
for January, p. 55. We do not intend to take issue stronglj' with 
Prof. Matthew on a question pertaining to the geology of his own 
region. We only intended, in our note calling attention to the 
possible primordial age of the fossils he has described, to direct 
his attention to the lack of demonstration that they are of the age 
to which he has assigned them. Since he has taken the pains to 
<luestion the validitj' of our doubt, we will state more fully the 
several facts which form its basis: 

1 . The base of the Taconic (which here we use as equivalent 
to primordial), is everywhere a quartzyte associated with a lime- 
stone. Usually the limestone overlies, but in some cases it is in- 
terbedded with or blended with the siliceous rock, constituting a 
fine-grained cherty limestone. It is not necessary to mention all 
the localities where this is known to be the succession. In Ver- 
mont it embraces the Granular Quartz and the Winooski marble, 
followed by a series of reddish, tufaceous, siliceous sandstones 
and shales which are probably the remote effects of oceanic vol- 
canoes which broke out immediately after the deposition of the 
Winooski limestone. It is a desideratum to ascertain the strati- 
graphic succession from the limestone to the chronologically over- 
lying strata in the Vermont district, but further south Prof. Dana 
has traced the limestone (under the name of Stockbridge lime- 
.stono) through Massachusetts and Connecticut to Courtland, X. 
Y. , where he found it upheaved and overwhelmed in the eruption 
•of the Courtland gabbros. Intermediate points indicated that 
they took on the aspect of crystalline rocks, and indeed that much 
of the **Laurentian" of western Massachusetts and Connecticut 
(in which to this day no fossils have been found) is of the age, ex- 
iictly or nearly, of these basal Taconic rocks. The mineral chon- 
ilrodite was considered diagnostic of the Laurentian age of this 
limestone. 

2. In Vermont churacteristic Taconic fossils have been found 
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by Mr. Walcott in this quartzyte, and in northwestern New Jersey 
they have been found by Mr. Beecher in the same strata associ- 
ated with chondrodite. These strata are unconformable below the 
later series at Rutland, Vt. 

3. The Courtland (N. Y.), gabbros are repeated, and of the 
same age, in the Adirondacks. They here broke out at the same 
date and buried these strata under immense floods of eruptive 
rock. As in Vermont and in eastern New York this horizon is 
the great iron-bearing horizon of the region ; but in northeastern 
New York an element is introduced into the iron which is not 
found when there was no actual outflow of basic rock, viz. , titanic 
ores abound, these l)eing a characteristic native element of gabbro. 

4. It is only recently that the eflfect of this early Taconic 
eruptive period has been located farther north, viz, , in the St. 
Lawrence valley. Mr. Ells has carefully described the so-called 
<*Quebec Series" of the Canadian geologists. He has found the 
primordial portion of it to consist of two parts, viz. , a series of 
shales and sandstones, and a series of quartzytes and limestone, 
the latter series being unconformable below the former. This un- 
conformity we take to mark the date of outbreak of the Adiron- 
dack and Courtland eruptives, and especiallj' so as the rocks are 
said to contain large admixtures of volcanic materials, and as the 
lower strata are lithologically identical with those which ante- 
dated that outbreak in Vermont and New York. The red shales 
of the upper Sillery are the Georgia shales and sandstones of Ver- 
mont. 

5. Without referring to intermediate localities, the strati- 
graphy of which might be considered, in this review, of question- 
able purport, we will mention onl}'^ the succession in the North- 
west. In northern Wisconsin, according to Prof. Van Hise, not 
onl}' are the basal rocks of the upper iron-bearing series (the Ta- 
conic) a cherty limestone and a quartzyte, but an erosion interval, 
introducing a distinct non- chronologic succession and an uncon- 
formity, separates them from the later strata of what he has called 
Huronion but which we consider the later Taconic. Although 
there is a belt of gabbro rocks at other points in Wisconsin their 
relation to this erosion interval and to this non-conformit}' has not 
been pointed out by the Wisconsin geologists. 

6. However, on the north side of lake Superior, where Prof. 
Matthew has described primordial fossils from the strata succeed- 
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ing this great break, this relationship has not only been inferred, 
but the actual date of the gabbro flood has been established by 
ample field evidence, and there also the quartzyte and the lime- 
stone (which latter however is almost wanting) are the only strata 
that are overwhelmed in the eruption. The Animikie black 
slates, which are abundantly interstratified with eruptive mate- 
rials, mainly in the form of consolidated ash, making now various 
^ 'greenstones, " into which the slates graduate, followed the date of 
this eruption and fade off upward into the red shales and sand-stones 
that have long been known as characteristic of the Cupriferous 
series. These red shales we consider the chronologic analogue of the 
Georgia formation of Vermont, and the upper Sillery at Quebec. 

7. The succession of geologic events and the order of stratifi- 
cation which have been worked out at 8t. John b}' Prof. Mat- 
thew, are, thanks to his statement of them, so nearly identical 
with what has been worked out in several places in the United 
States at the same geological horizon, that it seems the course of 
prudence to hesitate about continuing the old idea of the Lauren - 
tian age of those St. John limestones. The trend of evidence is 
toward placing them at the bottom of the Taconic. Whether 
they should be included in the Cambrian depends on the limits 
and definition which maj' be given to that term. 

Below these so-called Laurentian limestones and quartzytes 
there is to be found, if the succession in New Brunswick is iden- 
tical with that in the United States, a profound non-conformity. 
The older strata, the true Archean, are highly tilted, or vertical, 
and present their edges abruptlj' against the non-conformable 
overlying beds. This erosion interval has been pronounced b^' 
Dr. Lawson the greatest in geological history, and it is a datum 
of the first order for establishing, in North America, the base of 
the primordial series, for primordial fossils have been found in 
several localities, but little above this plane. 

IN NEED OF AN EDITOR. 

Far be it from the American Geolochst to disparage any etTort, 
however humble, to spread the knowledge of any subject in the 
department in which it is itself engaged. With this feeling it 
welcomes to the field ever}' new attempt to popularize the science 
of geology and its companion stud3% mineralogy. But all who 
«eek to accomplish this end should themselves be at least ac- 
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quainted with the rudiments of the science. Otherwise they will 
be onl}" blind leaders of the blind and will meet the traditional 
fate of such leaders and such led. 

We take the following from the * 'Mineralogists' Monthly" 
for January, 1892. As this periodical has reached its seventh 
volume we think it should have outgrown its childhood and be 
incapable of perpetrating such enormities and of misleading those 
among its readers who know no better than its editor. 

**AmoD Another specimens we observed a six-sided prism of quartz which 
we were told by its owner was in a plastic state when taken out of 
the (iuarry. This gentleman showed ub the portion of the prism he had 
out off before the crystal hardened which it did very soon after being 
exposed to the air." 

"We (the contributors of the note) are not sufficiently versed in the 
mysteries of mineralogy to be able to say positively whether a quartz 
crystal, however pure or impure, can be dissolved or made plastic by the 
action of strong acids except the powerful hydro-fluoric." 

Again we read: 

'^\ Passaic stone-cutter has a curiosity, a petrified rat, found in a block 
of brown stone. While preparing a six-foot block his chisel sank into a 
cavity The workmen thought it strange and laughingly advised him to 
examine it, suggesting that it might contain a diamond or a nugget of 
gold. He peered into the hole and was astonished on finding^ a petrified 
animal resembling a rat. Every part was well preserved. Experts are 
sure that it is a rat. The little creature's anatomy had remained perfect 
for all the period since the formation of the stone. Every claw, tooth 
and vertebra was present and well preserved. The skin had lost its hair 
and time had dried the form slightly but petrifaction had preserved it 
in its dark prison." 

The stone-cutters astonishment was justifiable, but there is 
cause for greater astonishment in the fact that at the present day 
an editor of a so-called scientific magazine can be found who 
is willing to publish such stuff. All editors get more or less of 
this sort of rubbish and while these stories may pay in a sensa- 
tional newspaper they are utterly out of place, not to say dis- 
graceful, in the columns of- the cheapest scientific journal. Of 
what value is an editor if not to winnow out such chaff from the 
wheat? It is fair to presume that in this case the editor knows 
more than would be inferred from the extracts given above. 
Otherwise he would scarcely assume the position of conductor of 
the * ^Mineralogists' Monthly." But if he desires success in the 
field on which he has entered we counsel him to aim at a higher 
standard and to be more critical over the matter that he chooses 
for insertion. Otherwise even at fifty cents a year his periodical 
will ^'take in" rather than «*be taken in." 
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EEVIEW OF EE0E:N^T GEOLOGICAL 

LITERATURE. 



The three following papers are extracts from the Tenth Annual He- 
port of the New York State Geologist, 1891. 

1. Notes on the genua Aeidaspis, 18 pp., 3 plates. By J. M. Clarke. 
In his revision ol Acidaspu and related genera the author adopts a rela- 
tion towards the earlier work of paleontologists which it is to be hoped 
will be more generally followed. *To ascertain as far as possible from 
the descriptions by earlier writers, their intentions. The original diag- 
nosis may have been brief, all too brief to satisfy the present require- 
ments of our science, their illustrations insuflicient or faulty, but it will 
not suffice to reject a name upon these grounds alone. Too imperfectly 
described to be identified,' is a decree which often veils an unbecoming 
aspiration after immortality unrelieved by an abiding conviction of the 
necessity and justice of making every effort to establish the results of 
another's investigations." 

CercUocepJiala, Warder, is retained and defined. Barrande objected to 
the use of this name on the ground that a very similar name had been pro- 
posed earlier by de CandoUe, Ceraioc^lialus. " For us, however, the ex- 
istence of de Candolle's term does not in the least affect the value of that 
of Warder, as the two words are different." In this connection we will 
restate a pertinent question recently raised in an editorial on ** preoccu- 
pied names," in the American Naturalist for July, 1891 : " If a difference 
of two letters is not enough to preserve two names, it becomes a question 
how many letters will constitute diversity, and so on. * * * The fact 
is the changing of a name which differs by a single letter from another 
name has no warrant in any rule or in common sense." 

The author then gives the history of a number of related generic 
names which have more or less fallen into disrepute but are shown to 
have a sub-generic value. CeraiocepJuda is divisible into two sections; 
the first with (1) Odontopleura, Emmerich, (2) Acidaspis, Murchison (syn. 
Acantfu>loma, Corda), (8) CeratocepJuila, Warder (syn. Trapelocera, Corda), 
and (4) Dicranurus, Conrad; the second section with Selenopelfis^ Corda 
(syn. Polycres, lionault). A new sub-genus, Aneyropyge, is established on 
Acidaspis romingeri Hall, with the generic relation nearest to Cerato- 
xephala. 

The North American species of which sufficient is known for sub-gen- 
eric classification are arranged thus: Ceratorephaia, Warder sensu 
stricto: C. goniata Warder (syn. Acidaspis danai Hall, A, ida Winchell 
and Marcy). Aeidaspis, Murchison: A, anchoralis Miller=?? A, ceralepta 
Anthony, A. Tuberculatus Conrad. Odontopteura^ Emmerich: O.trenton- 
ensis Hall, sp., 0. parvula Walcott, sp., 0. Jtalli Shumard, sp., 0, rrosiota 
(Locke?) Meek, sp., 0, o'nealli Miller, sp.,0.or<<?/it Foerste, sp , 0. callicera 
Hall, sp., Dieranurus Conrad with Jiamatvs Conrad. Ancyropyge^ Clarke 
with romingeri. 
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2. Observattontt on the Terataspis grandis Hall, the Uirgebt known trilo- 
hiie, pp. 6 and one folding plate. By J. M. Clark r. 

This valuable paper contains measurements of all , of the larger trilo- 
bites known. We learn that with the middle primordial fauna some of 
the largest species of trllobitos have their appearance; Paradoxideti with 
a length of eighteen inches. The author mentions a number of very 
large Silurian and Devonian species of various genera. A large plate is 
devoted to a well-executed outline drawing of a restoration of Terataspia 
grandts, a species occurring in the Lower Devonian of New York and 
Canada. This restoration measures nearly twenty inches in length. If 
however, the largest cephalon yet discovered of this species were taken 
a9 the basis of a restoration the author says it *^ would represent an indi- 
vidual fully 24 inches in li^ngth, a size unsurpassed and unequaled by 
any other known trilobite." 

"With this extravagant armor of defense and aggression, TeraimpU 
grandu must have been easily lord of his invertebrate domain and no 
very palatable morsel for the heavily plated fishes of his day." 

3. Note on Coronura aspectaiut Conrad (sp.), the Aatphus diurus Green, 
pp. 7,»1 plate. By J. M. Cl.4Rke. 

The New York State Museum of Natural History has recently obtained 
an entire individual of Asaplias aspectans Conrad, measuring 5;» inches 
in length. This specimen proves conclusively that DahnanUi Helena Hall, 
Dabnania ohioen^h Meek and Amphus aspectans Conrad, are one and the 
same species. The auther believes, however, that this species was de- 
scribed two years earlier than Conrad's by Dr. Green as Asaphun diurus ' 
This species will therefore be known as Coronura diura Green, sp. 

Correlation Papers, Cambrian. Bulletin No. 81, of the U. S. Geological 
Survey. C. D. Walcott. 8vo, 447 pp., Washington, 1891. 

The second of the ''Correlation Papers," is based upon an entirely dif- 
ferent plan from its predecessor (No. 80, Devon ion and Carboniferous)^ 
At the outset it is stated to be an 'unfinished memoir." It is not a cor- 
relation essay in the strict sense of the term, buf an account of the pres- 
ent knowledge" of the Cambrian group. It is largely historical in its 
method, and the references to papers treating of the subject are very full 
and complete. This is shown by a list of 655 papers which are referred 
to in the course of the bulletin. The historical review of the literature 
occupies 187 pages. This is followed by a chapter on nomenclature, and 
this in turn by one giving a summary of the present knowledge of the 
formations. Problems for investigation, and the criteria and principles 
used by authors in the correlation of the parts of the group, close the 
volume. The Olenellus fauna is considered to mark the base of the 
gtoup and the Dikelocephalus fauna the summit. This delimitation is 
based on the principles enunciated by Lapworth that a great geological 
group rests on the zoological features of its fauna and not on a local 
stratigraphical break; that the most reliable chronological scale in geol- 
ogy is that of zoological change; and that the duration and in^iportance 
of any system in geology are in proportion to the magnitude and dis- 
tinctness of its Vauna. 
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The division of the Cambrian into Lower, Middle and Upper is ad- 
hered to throughout the volume, and the country is divided into four 
great provinces as follows: The Atlantic Coast or Eastern Border; the 
Appalachian; the Rocky Mountain or Western Border; and the Interior 
Continental or Central. Under each one of these heads is given a his- 
torical review of the literature pertaining to it; and it is followed in each 
case by a notice of the paleontology. This serves as an index to the 
species described from various localities and by different authors. 

The recognition of the Cambrian as a separate and distinct geological 
system or group is of quite recent origin. Most of the early writers who 
described rocks now referred to the Cambrian placed them in almost 
every system but that one. The Potsdam (St. Croix horizon) now the 
Upper Cambrian, was lon^: considered to be the base of the Lower Silur- 
ian. The age of the Bralntree, Massachusetts, beds (Middle Cambrian) 
was not known until about 1857, when the identification of Paradoxidea 
from there caused them to be referred to the Primordial of Barrande, 
below the Potsdam. These beds were then supposed to be the oldest on 
the continent, and they were regarded as Lower Cambrian until 1888 
when Mr. Walcott observed in Newfoundland rocks contAining a similar 
assemblage of fossils above a zone with Olenellus. It was only then that 
in America the actual sequence of the Cambrian formations was settled, 
bringing about an agreement with the earlier determinations of the Scan- 
dinavian geologists. It is easy to see that the study of the group is in its 
infancy. 

These facts have rendered it difficult to arrange the material in a con- 
venient form for reference, and have made it nearly impossible to pre- 
sent any detailed study of correlation. We find, therefore, that the bul- 
letin is a history of the literature of the Cambrian rocks in America, and 
the great number of problems still awaiting solution (covering eleven 
pages of the bulletin), serve to show how much remains to be done be- 
fore a full knowledge of the group is obtained. 

In the synopsis of the group (p. 359) it is said that the Cambrian is 
firmly established by the presence of 6,000 feet of limestone and 10,000 
feet of qaartzite in the Rocky Mountain region; by over 12,000 feet of 
quartzites, shales, slates and limestones in the Appalachian region; by a 
continental distribution and a characteristic, highly differentiated fauna. 
This is followed by a table giving the typical exposures of the Upper, 
Middle and Lower Cambrian and the rocks correlated with them. In 
iBubstance it is as follows : 

Type. Correlation*. 

AdlrondackH (N. Y.) 

DntcheHH Co. (N. Y.) 

Marble Belt (Vt.; 

Knox Shales (Tenn.) 
TTnn.:-» CounaMuga (Oa. and Ala.) 

n.wi^.^^^ ^ Potsdam \ St. Croix (Miss. Valley.) 
C.AMBRIAN. , Ton to (Arizona.) 

Katemcy (Texas.) 
Hamburg (NevadA.^ 
Gallatin (Montana.) 
i^ Belle Isle (Labrador.) 
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The base of the Canibrian is drawn at the lower limit of the OleaelluB 
fauna. The summit of the group while placed at the upper limit of the 
Dikelocephalus fauna is in the Nevada district drawn arbitrarily, for the 
genera Asapkw*, Dikelocephalua and Ptychoparia occur there on the same 
surface of rocli. "It is not, however, by the specific break in the fauna 
that the two groups are separated; it is the general facies of the fauna 
referred to the Cambrian and that referred to the Silurian" (p. 363). 

Three maps accompany the bulletin. One of these shows the outcrop 
of Cambrian rocks in the various provinces into which the country has 
been divided. A second shows by vertical sections the sedimentation at 
different points, and on a theoretical section the vertical contour of the 
continent at the end of Cambrian time, while the third is a hypothet- 
ical map of North America at the beginning of Lower Cambrian time. 
Many subjects are treated which cannot be alluded to here, and the bul- 
letin is full of information for those desirous of a better acquaintance 
with the rocks of which it treats and the pioblems connected with them 

A GUuBtfication of MourUain Raageg According to their Structure, Origin 
<ind Age. Warren Upham. (Appalachia, Vol. vi. No, 3.) 

This consists of a review of the mountain systems of North America, 
with incidental mention of some others. Its evident purpose is to make 
clear the relation in time, and inferentially in cause and effect, between 
mountain elevations in the later Tertiary and early Quaternary time, and 
the Glacial epoch. This central idea finds its illustration in the mountain 
ranges of the western portion of North America. The*"arched mount- 
ains*' illustrated by theUinta range of northeastern Utah, dating from 
«arly or middle Tertiary, and by the Junction and Yampa mountains, 
dating from the same time; the Momed mountains,'Wiz: the laccolitic 
Henry mountains in southern Utah, rising about the middle of the 
Eocene; the *^ilted mountain*' ranches, such as the Wahsatch and the 
Sierra Nevada which were formed in early Quaternary time, and the 
later smaller tilted ranges of the "great basin*' — blocks of the earth's 
crust raised bodily above the surrounding areas by abrupt fractures that 
penetrated deeply through the strata and then settled unequally, so as to 
assume a '^tilted'' position; — and many ^'erupted mountain ranges," or 
volcanic cones and ridges formed by ejected lavas, bombs and ash, per- 
fectly illustrated by the Cascade range which crosses Oregon and Wash- 
ington, dating from late Tertiary and early Quaternary, — all these, which 
constitute some of the most unique and remarkable mountain ranges of 
the United States, are shown to have been produced just prior to, or con- 
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temporary with, the greatest extension of the glaciers of the Glacial epoch. 
The author believes that the great weight of the accumulated ice caused 
a sinking of the earth's crust, and that such sinking had its complement 
in the contemporary rising of other areas nearly contiguous, or perhaps 
more remote, causing fractures, faults, volcanoes, laccolites and elevated 
domcts. 

Mr. Upham also traces a relation between the great ancient lakes 
(Bonneville and Laliontan) and the glacial period. The firdt flooded 
stage he considers was contemporary with the second glacial epoch, and 
the second high stage was due to a third epoch of glaciation in the 
northern part of the Cordillerau region. 

These erogenic movements, so called by Gilbert and White, are to be 
distinguished from the epirogeuic, which consist of slower and grander 
elevations of large continental areas. The unequal denudations of these 
larger areas result in the carving out of mountains which constitute Mr. 
Upham^s sixth class — "eroded mountain ranges." Such are the Crazy 
mountains in Montana, and the Highwood mountains, twenty-five miles 
east of Great' Falls. Turtle mountain, Pembina mountain. Hiding, Duck 
and Porcupine hills in North Dakota, illustrate this structure. This 
epirogeuic movement also took place at the close of the Cretaceous, or 
early in the Eocene. Indeed, the "Tertiary era seems to have been ter- 
minated, and the Quaternary ushered in, by a new epirogeuic differen- 
tial uplifting of this continent, causing the accumulation of the i/^e-sheet 
of the first Glacial epoch." * * * "There have been two epochs pre- 
eminently distinguished by extensive mountain plication, one occurring 
at the close of the Paleozoic era, and another progressing through the 
Tertiary and culminating at the beginning of the Quaternary era, intro- 
ducing the ice age." * * » "With the culminations of both of these 
great epochs of mountain building, so widely separated by the Mesozoic 
and Tertiary eras, glaciation has been remarkably associated, and indeed 
the ice accumulation appears to have been caused by the epirogeuic and 
oro&;enic uplifts of continental plateaus ^nd mountain ranges." 

Within the scope of the paper the author has gathered most of the 
collateral American data derived from a study of mountains, which go to 
illustrate, if not to demonstrate, his theory of the cause of the glacial 
epoch, viz., continental elevation. 

Oeneral Account of the Fre$h-water 3forasi€i of t/ie United StaU9^ mth a 
description of the Dismal Swamp District of Virginia and North Carolina, 
By NatiianielSoothcjate Shalek., pp. 255-339; with plates vi-xix, and 
37 figures in the text. (Accompanying the Tenth Annual Report of the 
Director of the U. S. Geol. Survey.) 

The swamp lands capable of drainage and use for agriculture in the 
United States, east of the Cordillerau mountain belt, are estimated to 
comprise somewhat more than 100,000 square miles. Professor Shaler 
states that fully one-fifth of the most fertile fields in Great Britain and 
Ireland, also large tracts in northern Germany and in the valley of the 
Po, have been won in such bog districts: and he believos that the agsrre- 
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gate value of these now inundated areas in the eastern half of our countr}' 
when drained and brought under cultivation, will be not less than that 
of all the present rich farming lands of Ohio, Indiana and Illinois 
together. 

The processes of formation of the delta swamps of the Mississippi valley 
from the Ohio river to the gulf of Mexico are admirably described. This 
great river is remarkable in being the only one on our continent that has 
formed a delta filling the inlet of the sea at its mouth and projecting 
beyond the general coast line. From the indentations of the shore at the 
mouths of other rivers, the most notable being the Chesapeake and Del- 
Aware bays, into which the tributary streams have built no delta depos- 
its above the sea level, it appears that the continent has lately been much 
■elevated and more recently has undergone subsidence. 

Vegetation in many forms, as peat mosses, forests and their under 
brush, and the mangroves of the southern coast, have been very efficient 
to retard the drainage of lands having only slight slopes, thus producing 
:swamps and extending their area. The surface of the Dismal swamp 
has a descent toward its borders at an average rate of about twenty inches 
per mile, and the forest is extending itself into the shallow lake Drum- 
mond in the central part of the swamp. 

Pliocene sand beds, which have yielded twenty-nine species of marine 
•shells, five of them extinct, underlie the Dismal Swamp district, and are 
thinly covered by unfossiliferous Pleistocene sands. The Nansemond 
■escarpment, cut by the sea in the upper sands when the district for some 
time was submerged about thirty feet more than now, extends from 
Suffolk, in Virginia, south to Albemarle sound, and forms the west border 
of the D|smal swamp. The changes of relative elevation thus indicated, 
And several other small oscillations preceding and following it, of which 
the region affords evidence, are regarded as not improbably r^-ferable 
•chietiy to the effect of ice attraction upon the sea, and to the subtraction 
of its water to form ice-sheets, during the epochs of glaclation of the 
northern part of this continent and of Europe. 

The Penokee Iran hearing Series of Michigan and Winconsin, By 
Roland Duer Irving and Charles Richard Van Hise, pp. 341-507; 
with plates xx-xlii, and five figures in the text. (Accompanying the 
Tenth Annual Report, U. 8. Geol. Survey.) 

This is an abstract of a monograph by these authors, which is now in 
press and will soon be published. A belt a few miles wide and about 
eighty miles long, extending from lake Gogebic, in the upper peninsula 
of 31ichigan, westward to lake Numakagon, in northern Wisconsin, is 
elaborately described; and the origin and relations of its rock formations 
and of its large deposits of hematite, recently opened by extensive mining 
operations, are discussed at length. Owing to the lamented death of the 
senior author after this work was far advanced, its preparation for pub- 
lication has been chiefiy done by his associate and successor in charge 
of the Lake Supeiior division of the survey. 
' The Penokee series, occupying a width that varies from a quarter of 
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a mile to about three miles, is underlain on the south by a complex 
group of granites, gneisses, and schists of Archti^an age, and is overlain on 
the north by the interbedded eruptive and fragmental rocks of the 
Keweenawan series, the whole section having a steep northward dip. 
The Penokee and Keweenawan series are classed together as belonging 
to the recently named Algonkian period, between the Archaean or Lau- 
rentian and the Cambrian or Taconic, nearh* equivalent to the HuroniaD 
period of the Canadian geologists. 

A cherty limestone, attaining a maximum thickness of 300 feet, is the 
lowest member of the Iron-bearing series in the Penokee region. 
Whet er it was originally of chemical or organic origin is undetermined,, 
but it gives no evidence of having been fragmental. 

The next member, called quartz slate, is a detrital formation, averag- 
ing about 450 feet thick. 

Upon this rests the iron-bearing member, in which all the known ore 
bodies occur. It is mainly about 850 feet thick, and consists of slaty and 
often cherty iron carbonate, ferruginous slates and cherts, and actinolitic 
and magnetitic slates. All these rocks are believed, to have had a 
chemical or organic origin, none being accumulated as mechanical 
detritus. The ores are soft, red, somewhat hydrated hematite, derived 
by concentration from the lean carbonates of the formation through the 
action of infiltrating surface waters during or after the uplifting and 
partial erosion of the series. 

Succeeding next above these strata is the upper slate member, the 
highest of the series, which in places is several times as thick as the 
three lower members combined. It is a slate or mica schist, chiefly 
composed of quartz and feldspar, and thin sections usually reveal its 
fragmental character. 

The four divisions are conformable with each other through all their 
extent. Many dikes of diabase, varying from a few inches to ninety feet 
in width, intersect the series, which also in some portions contains 
interbedded sheets of diabase, apparently intruwions rather than over- 
flows. 

KknuntH of CryntaUoyraphy^ by Gko. H. Williams, Pii. D. Second 
edition. New York. Henry Holt *& Co. ISOI. 

rhe appearance of a second edition of the "Elements of Crystallo- 
graphy'' so soon after the issue of the first, is the best proof of the need 
which has existed for such a book. Hitherto there has been no satisfac- 
tor}' exposition in the English language of elementary crystallography,, 
if we except, perhaps, Bauerman*s *'*^SyHtetintie Mineralogy^^'* which has 
not met with favorable acceptan<'e in this country, aad which in some of 
its features is objectionable as a book for beginners. With the growth 
of the 8<'ience of mineralogy, particularly on its physical side, with the 
increasing interest among chemists in the relations between chemi- 
cal properties and crystallographic form and with the rapid modern de- 
velopment of petrography a<i one of the most important departments of 
geological science, there hjis sprung up in these various departments oi 
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instruction a very urgent demand for an elementary text book of crys- 
tallography. That Prof. Williams' book meets this demand will be con- 
ceded by the great majority of teachers and students of the subject. 

Apart from its practical aspects as an essential auxiliary to the study 
of mineralogy, petrography, chemistry and physics, crystallography ha& 
an important place in any thorough educational scheme as affording 
probably the best insight into the symmetry of natural forms ; and in it» 
philosophical suggestiveness as to the constitution of the universe, the 
study is entirely comparable to the study of elementaty astronom}', the 
laws with which the student becomes familiar in both subjects being 
alike mathematically rigid and yet extremely simple. 

For many reasons, therefore, it seems probable that the study of crys- 
tallography will in future play a more important role in American col- 
lege and university curricula than has been its fate in the past, and we 
therefore welcome gladly this clear and concise treatment of the elemen- 
tary principles of the subject as a vigorous step in that direction. 

The book is not entirely above adverse criticism, but its shortcomings 
are few when compared with its many good qualities. The considera- 
tion of the theoretical possibilities as to the mode of molecular arrange- 
ment in crystals, which meets one in the opening chapter, might with 
advantage to the student if not to the book, have been postponed till the 
concrete actualities of the subject had been discussed. The numerous 
cuts throughout the book are well executed, and the two plates, one of 
limiting forms and the other of combinations in the isometric system, 
are all that could be desired. Prof. Williams is to be congratulated on 
the success of his book and of his efforts to present to American stu- 
dents in simple form a department of science whose proper treatment 
has up to the present been found only in the elaborate works of the 
German authors. 

Systematic Mineralogy, based on a natural classification, Thomas 
Stkrky Hunt. 8vo, 301 pp. The Scientific Publishing Company, New 
York. 1891. 

No student of mineralogy can pass beyond the stage of the novice with- 
out becoming painfully aware of the loose, if not chaotic, condition of its 
systematic nomenclature. The most trivial circumstance or quality h s 
often been exalted above the fundamental principles of chemical compo- 
sition in assigning a mineral species a name or a place in classification. In 
the infancy of the science it was necessary to apply such designations, but 
as these became often synonyms, or as they were multiplied through the 
labors of many investigators, it became apparent that some system of 
classification and elimination most be chosen. Ttiere sprung up two 
rival schemes, known as the ^'natural history'' method and the '^chemi- 
cal" method. Werner, Mohs, Jameson, Breithaupt, Shepard, and, at 
first, Dana, employed the natural history method, and Berzelius, Clarke, 
Cleaveland, Phillips, Rammeisberg, and at last Dana, and nearly all later 
authorities, employed the chemical method. The former ignored chem- 
istry, and the latter ignored the physical characters, speaking broadly. 
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and they were therefore at once, and continually, in antagonism. Mean- 
time, as a common ground, on which they could compromise, the con- 
testants, by the necessity of intelligent discussion, fell mutually into the 
practiQe of using "trivial" names for all mineral species, and as time 
elapsed these names have become, at this day, the only ones in use. The 
chemical classification, though not having sny acceptable nomenclature 
based on it, has been strengthened by continual advance in the knowl- 
■edge of the chemical composition of minerals, and in the philosophy of 
chemical combinations, until it is not too much to say that not any living 
author of systematic mineralogy, however strongly he may insist on 
physical characters, but discusses and depends largely on the composi- 
tion of minerals for the ultimate determination of their places in his 
scheme. In nomenclature, however, there has been little or no change. 
It is Dr. Hunt's task to show that physical characters are but the ex- 
pression of chemical characters, and that they cannot be divorced, and 
that a **natural classification*' must take cognizance of both. He has 
presented therefore a system which is both witural and cheinical^ and has 
-covered it with a binomial Latin nomenclature which divides all thfe 
known minerals into classes, orders, genera and species. The classes 
and orders are determined essentially on chemical grounds. The genera 
are arranged from physical difference and resemblances, and the further 
definition of the species is the work of chemistry. All the mineral 
species are divided into four classes — Metallacene, Halidacea', Oxydacea' 
and Pyrocaustacea^ Order IV, in the class Metallaceiv, is thus com- 
posed : 

Order IV. PYRITINEA. 
(ieiiiiH I. Pyiutkp. 

Metallic sulphides H^ 5. r <5 

1 . Pyrites rutheneuH Laurit(>. 

•2. " viilji^riH Pyrlte. 

8. " KecunduH Marcaaite. 

4. " cubalteus Luma'ite. 

r», " nlccoleuB Siei^enite. 

«. " ciiprocobalteuK Carrollltc. 

7. " c'hromiciis.. Daubreellte. 

The work, with its accompanying discussions of chemical philosophy 
and mineral physiology, is the culminating result of a life-long study, 
We consider it Dr. Hunt's chef (V wucrt', and the most important addition 
which American authors have made to the science of mineralogy. Dr. 
Dana's great volume, St/MMn of Mineralogy, is a vast compilation, ar- 
ranged under a loose chemical classification, but makes no attempt to 
justify its philosophy— if it may be said to have any. On the contrary^ 
Dr. Hunt's work marks an epoch in the science, as it discusses from new 
standpoints and readjusts, in acconiance with the latest chemical philos- 
ophy, all the discordant material, and establishes a fundamental skeleton 
on which the future may build a symmetrical structure in mineralog}\ 
It seems to answer to mineralogy as the classification of Linmeus does 
to botanv. 

Guiffc to Baltimore, u?i(h an Account of the Oeolof/i/ of its Enriron$. 
<ikor(;e H. Williams. Prepared for the American Institute of Mining 
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Engineers, Baltimore meeting, February, 1892, 12mo, cloth, pp. 189. 
lB8ued by the Local Committee. 

Besides the usual announcements and descriptions of the institutions 
of the city this volume contains a concise account of the geology of Bal- 
timore and its vicinity, with two geological maps, based on excellent 
contoured maps by the U. S. Geological survey (" Baltimore sheet"). The 
crystalline rocks are described by Dr. Williams, and the physiography 
of the origin and geology of the sedimentary rocks by N. H. Darton. It 
makes a very useful and valuable compend for the general student of 
the region. 

Description of a new species of Panenka from tJie Gorniferous Limestone 
of Ontarioy by J. F. Whiteaves.— (Can. Rec. Sci. Vol. IV, No. 8, Oct., 
1891. pp. 401-404, with plate.) 

Panenhi grandis, the species described was collected at St. Mary's, 
Ontario. The specimen figured is six inches and four-tenths in length, 
and four inches and two-tenths in hight. 

Xote on tlie Occurrence' of Pan-cispiral (Jpercula of Gasteropoda in the 
(hielph Formation of Ontario^ by J. F.Wu iteaves, (Can. Rec. Sci. Vol. 
IV No. 8, Oct 1891. pp. 404-407.) 

A specimen figured has a length of 20 mm. and a breadth of 16 mo. 
They resemble the opercula of Litorina and Natica, and the conjecture 
is hazarded that they may belong to Holopea gracia or H. harmonia, of 
BilUngs. 

Short Notes on some Canadian Mineral, by W. F. Ferrier. (Can. Rec. 
Sci.Vol. IV, No. 8, Oct., 1891. pp. 472-^76, with plate.) 

The minerals noted are natice arsenic from near Thunder bay, lake 
Superior, molybdenite from Labador; sphakrite or blende^ from Bauce 
Co., Quebec; particularly fine crystals of pyrit^; martite from Lanark 
Co., Ontario; kermesite from Haut Co., Nova Scotia; qxmrtz crystals 
with concave faces; black spinel from Ottawa Co., Quebec; anhydrite 
and gypsum from the Laurentian crystalline limestone of Lanark Co., 
Ontario. 

RECENT PUBLICATIONS. 



/. State and Oocemfnent Bep(yrts, 
The following bulletins of the United States Geological Survey have 
recently been issued: No. 62: The Greenstone-Schist Areas of the 
Menominee and Marquette Regions of Michigan, by G. U. Williiuns; 
No. 65: Stratigraphy of the Bituminous Coal Field in Pennsylvania, 
Ohio, and West Virginia, by I. C. White; No. 67: The Relations of the 
Traps of the Newark System in the New Jersey Region, by N. H. Dar-^ 
ton; No. 68: Earthquakes in California in 1889, by J. £. Keeler; No. 69: 
A Classed an^l Annotated Bibliography of Fossil Insects, by S. H. Scud- 
der; No. 70: lieport on Astronomical Work of 1889 and 1890, by R. S. 
Woodward; No. 71: Index to the Known Fossil Insects of the World, 
including Myriapods and Arachnids, by S. H. Scudd^r^ No, 72: Al^tudes 
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between lake Superior and the Rocky mountains, by Warren Upham; 
No. 78: The Viscosity of Solids, by Carl Barus; No. 74: The Minerals of 
North Carolina, by F, A. Genth; No. 75: Record of North American 
Geology for 1887 to 1889, inclusive, by N. H. Darton; No. 76: A Dic- 
tionary of Altitudes in the United States, by Henry Gannett; No. 77: 
The Texan Permian and its Mesozoic Types of Fossils, by C. A. White; 
No. 78: Report of the Work done in the Division of Chemistry and 
Physics, mainly during the fiscal year 1889-'90, by F. W. Clarke; No. 79: 
A late Volcanic Eruption in Northern California and its peculiar Lava, 
by J. S. Diller; No. 80: Correlation papers— Devonian and Carboniferous, 
by H. S. Williams; No. 81: Correlation papers — Cambrian, by C. D. Wal- 
cott; No. 82: Correlation papers — Cretaceous, by C. A. White. 

Explorations in Newfoundland and Labrador in 1887, made in connec- 
tion with the cruise of the U. 8. Fish Commission schooner Grampus, by 
F. A. Lucas. From Report of U. 8. National Museum, 1888-89. Wash- 
ington, 1891. 

Preliminary Handbook of the Department of Geology of the U. S. Na- 
tional Museum, by G. P. Merrill. From Report of U. S. Nat. Mus., 1888- 
89. Washington, 1891. 

Preliminary Report on the Coal Deposits of Missouri, by ArthurWins- 
low. Published by the Geologiijal Survey of Missouri. Jeflferson City, 1891. 

Report on the Geology and Mineral Resources of the central mineral 
region of Texas, by Theo. B. Comstock. From Second Ann. Rep of Ge- 
ological Survey of Texas. Austin, 1891. 

Annual Report of the Geological Survey of Arkansas for 1890, Vol. II, 
The Igneous Rocks of Arkansas, by J. Francis Williams. 

Preliminary Report on the Utilization of Lignite, by E. T. Dumble, 
State Geologist of Texas 

Geological Survey of Kentucky. Report on the Geology of parts of 
Jackson and Rockcastle counties, by Geo. M. Sullivan. 

Geological Survey of Alabama. Report on the Coal Measures of the 
Plateau Region of Alabama, by Henry McCalley, including a Report on 
the Coal Measures of Blount county, by A. M Gibson. 

Geological Survey of Canada. Contributions to Canadian Micro-Pal- 
teontology. Part III, by T. Rupert Jones. 

United States Geological Survey. Tenth Annual Report. Part 1, 
Geology. Part 2, Irrigation. 

Report on an Additional Water Supply for the city of Rockford, 111., by 
J. T. Fanning, I). C. Dunlap and D. W. Mead. 
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AUE THE EOZOONAL LiMKSTONES AT St. JoIIN, NeW BuUNSWICK, PkE- 

Cambrian? — In an editorial reference to Eo/.oon and the pre-Cambrian 
fossils of St. John, you appear to imply a doubt as to the pre-Cambrian 
age of the latter; or at least that this may be an alternative with some 
who may admit the organic origin of the former; adding that other 
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limestoues in the United States for which a Ijaurontian aj^e had been 
claimed, had, on further examination, been found to be primordial 
[i. e., Cambrian]. 

Thin, I think, can hardly be the case with the 8t. John limeBtones. 
The earthy (cryptocrystalline) condition of some of these limestooes 
is apt to mislead those who expect to find Laurentian limestones (or 
perhaps I should say pre-Cambrian limestones) always coarsely crys- 
talline. Hence Sir Wm. Logan, when he came here (about 1870) fresh 
from the survey of the limestones of the Ottawa valley, was surprised at 
the modern aspect of those near St. John. Dr. T. Sterry Hunt also, 
after his studies of the pre-Cambrian rocks of New England and the 
maritime provinces of Canada, classed these limestones in his Lower 
Taconic, below the Cambrian. Their comparatively unaltered condition 
is shown by the numerous carbonaceous bands, called, locally, "blue 
limestones/* which are intercalated in certain parts of the terranes. In 
fact there are not only carbonaceous, but bituminous limestones present 
in tills series, and this is shown by the fact that they give off a distinctly 
bituminous odor when struck with a hammer. This, however, is not an 
isolated fact, because a limestone in the ArchH?an tract of Scandinavia 
has been shown to contain bitumen, I think as high as 5 per cent. It is 
ditlicult to conceive of the introduction of this substance into a series 
of sediments except through the agency of organisms of some kind. 
Such we know to have been the source of bitumen in the rocks of later 
ages, and we naturally seek thus to account for its presence in these old 
limestones. 

And yet, though in certain places these limestones show compara- 
tively little alteration, they exhibit everywhere a secondary crystalliza- 
tion, often stronglj' pronounced, and not infrequently giving rise to 
highly crystalline, calcareous masses; the preservation of any organisms 
which may have been associated with the production of these limestones 
is therefore not only uncommon^ but seemingly local. 

Although comparatively modern in aspect, these limestones are no 
doubt pre-Cambrian, for the following reason: Subsequent to the pro- 
duction of the series of which they form a part, a great extrusion of 
igneous rocks (volcanic ash, scoria and mud) occurred in this district. 
These were piled up to a great thickness and spread over a wide tract 
of country; yet their thickness appears to have been very irregular, or 
denudation before Cambrian times swept away large masses of them, so 
that the underlying limestone series was brought near, or quite to the 
surface in some places. 

The Cambrian rocks themselves have a clear foundation in certain 
conglomerates which overlie the volcanic series and show themselves 
along the borders of the Cambrian basins. These conglomerates are 
usually made up of fragments of the volcanic series, intermingled with 
quartz pebbles, but at one locality in the city of St. John, where the 
(-ambrian rocks are inclose proximity to limestone ridges, pebbles of the 
limestone are mingled in the conglomerate with those of the volcanic 
series, hence we cannot doubt that these limestones were hard rocks. 
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subjected to denuding agencies, at the time when the Cambrian sedi- 
ments were being deposited in the submarine valleys near St. John. 

Further — there is much negative evidence pointing to the same conclu- 
sion. If these limestones are post-Cambrian, to what age sh&U we assign 
them? The Cambrian terrane here includes the Lower Ordovician, and 
is an unbroken series of sediment. (See last volume this Journal, p. 389.) 
The Silurian (Upper) is present within twenty miles of St. John, and is a 
series of calcareous slates and earthy sandstones with characteristic fos- 
sils. The Devonian shales and sandstones, with plant remains, lie imme- 
diately south, separated from the limestones only by the basin of Cambrian 
rocks at St. John, about a mile wide; and the Lower Carboniferous 
conglomerates and shales actually overlie the limestones unconformably. 
There remains only the Upper Ordovician, which could possibly be rep- 
resented in these limestones, and in limestones so little altered as some 
of these are, some trace of the abundant marine life of the Ordovician 
period should show itself; but none such has been found. 

Altogether we see no reason to depart from the decision on the age of 
these limestones arrived at twenty years ago by the oflficers of the Dominion 
Geological Survey, that this calcareous series, isolated .amid the Laurentian 
gneisses, mica schists and quartzites, is essentially of pre-Cambrian age. 

Before closing 1 may say a word about the CHimbrian rocks themselves. 
In my conspectus of the succession of faunas in the St. John group, 
given in a foot note on page 200 of the last volume of this journal, a 
section of **Upper Paradoxides beds, no fauna known," was introduced. 
By this it is not intended to be asserted that any of the later species of 
Paradoxides are known in the Cambrian rocks of the mainland of Amer- 
ica; but only that the horizon indicated is the place where, if present, 
they should be fonnd. 

Another point of interest to students of the Cambrian is that Hyolithss 
hillingsi^ or a species very like it, has been found in the basal Cambrian 
rocks, near the middle of that series. This species was found by Dr. 
Charles Barrois and myself last summer, when examining the section in 
the eastern part of St. John county. The species is of interest as a com 
mon one of the Olenellus beds, being at the same time, according to Mr. 
Walcott, a species of great vertical range in the Cambrian rocks of the 
Rocky mountains. G. P. Mattiikw. 

St, John^ N, B,, Canada^ January 13, 1891. 



PERSONAL AND SCIENTIFIC NEWS. 



The Winter Meeting of the GEOixxiiCAL Society of America 
was held at Columbus on Dec. 20, 80 and 31. The members were wel- 
comed by the mayor of the city, Mr. G. T. Karb, whose address was re- 
plied to by the president. 

The treasurer's report showed a balance of $280 unexpended, and that 
of the secretary'. Prof. H. L. Fairchild, of Rochester, N. Y., showed the 
society to be in a prosperous condition. 

At the first session the officers for 1892 were announced as follows : 
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President Mr. G. K. Gilbert. 

Vlce-Prenldente Sir J. W. DawHOu, Prof. T. C. Chamberlln. 

Secretary Prof. H. L. Falrchild. 

TreaBurer Prof. I. C. White. 



ft 



Two new fellows were declared elected. An excellent memorial of the 
late Prof. J. F. WiUiamB, of Cornell University — a fellow of the society 
—prepared by Prof. J. F. Kemp, was read by the secretary and the read- 
ing of papers was begun. The first was by Prof. I. C. White, who gave 
a short account of the development of the Mannington oil fields in West 
Virginia, under his direction, and entirely on theoretical deductions 
from the geologic structure of the country. He showed the success that 
has attended these labors by the fact that only five per cent, of the wells 
drilled in these fields had proved dry holes. The attitude of the driller 
bad, he said, changed from one of contemptuous neglect to one of stu- 
dious attention. Some discussion and several questions followed Prof. 
White's paper. 

Prof. White also made some remarks on a number of specimens of 
plants which had been sent to him by Mr. E. T. Dumble, state geologist 
of Texas, which clearly indicated a Permian horizon in the Wichita beds 
of that state. Among them, as identified by Prof. W. M. Fontaine, was 
a Walchiat the firat reported from American strata. 

Mr. J. S. Diller read a paper on the structure of the Taylorville region 
in California. There ar^, he said, 29 sedimentary and 17 eruptive 
masses. Several of the former are recognized by fossils. Eruptive 
rocks occur of an age from Silurian to Neocene. The Jurassic rests un- 
conformably on the Trias. The Jurassic is completely overturned and 
sheared on a thrust-plane of low inclination. He instanced a fault which 
is believed to have a throw of four miles. The paper was full of facts 
and cannot well be condensed. 

Prof. Hyatt exhibited a very large and interesting collection of Juras- 
sic fossils in volcanic tuff, from California, and pointed out a number of 
important similarities and differences between them and their nearest 
European congeneric forms. 

The Sierra Nevada of California was the subject of a paper read, in 
the absence of its author, Mr. J. E. Mills, by Mr. C. W. Hayes. This 
work has been in progress for several years at the trouble and expense 
solely of the author. The range is, he said, due chiefly to Tertiary 
movements, but recurring uplifts took place there in earlier times. The 
older rocks occur in the axes. The two crests of this double range lie on 
the eastern sides. The faults are normal. The Mesozoic rocks are folded 
and overturned but no arches occur, and apparently the thrust planes 
have been formed by pressure acting on blocks of strata lifted out of 
place by faults. There was apparently great difference of opinion be 
tween observers who had been at work on this field and the recorded ob 
servations in so diflScult and contorted a region were not reconcilable. 

A short note on secondary banding in the gneiss of Berkshire Co., 
Mass., was read by Dr. Diller, in the absence of the author, Mr. Wm. H. 
Hobbs. 
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Mr. 0. W. Hall described the southeastern i)art of Minnesota. This 
re»<ion was first studied by I); I). Owen, 50 years ago, in his survey of the 
mineral lands of the Northwest. It contains rocks of Cambrian and Si- 
lurian date, with a small area of Devonian. The Cambrian contains the 
Keweenawan and the great red quartzite of the Northwest and the Pots- 
dam sandstone, conglomeratic at base with pebbles of the same nature as 
the underlying rocks. After speaking at some length on the section as 
shown in Minnesota, the author mentioned the recent discovery of fos- 
sils in the St. Peter sandstone. Murchisonia, Endoceras, Helicotoma, 
etc., clearly indicate the Lower Silurian age of the sandstone. The beds 
below^ this are referred to the Cambrian, and include the two Magnesian 
groups of Owen. 

An illustrated evening lecture was delivered on Tuesday evening by 
Mr. I. C. Russell on his recent attempt to reach the top of Mt. St. Ellas. 
A large map of Enchantment bay enabled the speaker to explain the 
topography, both terrestrial and glacial, of the region. Many points, 
especially of the latter, were of very great interest to glacial geologists, 
in consequence of their bearing on the problems of the glacial era. 
(4reat changes in the level of the land were shown to have occurred in 
very recent times. Glacial beds were seen lifted far above their original 
level, and the retreat of the ice, which apparently is still in progress 
over the region, has exposed areas but lately buried deep under the 
glacier. Special views of the ice-fields were shown by excellent photo- 
graphs on a screen. The deposits of moral oic matter washed down 
from the glacier and deposited in the '^glacial delta" showed large trees 
deeply buried, and, of course, dead. A very striking feature in the land- 
scape is the great development of cryptogamic Yegetation- -mosses and 
ferns— forming a moist, soft cushion four or five feet deep, covering up 
fallen logs and unevenesses in the surface, and rendering progress slow, 
laborious and fatiguing. The glacial features of the mountain, its rivers, 
ice-falls, crags and peaks, were vividly shown in a realistic manner, 
so that this little know^n region was brought within almost familiar 
experience. 

On Wednesday morning the business of the session was resumed by 
the reading of a paper on the Valley of the Rio Grande in Texas, by Mr. 
K. T. Dumble, the state geologist. Yi contained a detailed account of 
the Cretaceous strata of that region and some of their fossils. 

Mr. W. H. Sherzer then read an elaborate revision of the rugose coral 
Chonophyllum, detailing its generic characters as regarded by himself, 
and maintaining that several species have hitherto been confounded 
under this name. He passed these in review, showing why they should 
be separated. Omphyma and Ptychophyllum were, he said, the forms 
with which it had been more fretiuently confused. 

Mr. C. Willard Hayes gave an account of the geology of the Yukon 
valley in Alaska. He reported immense depositn of volcanic material, 
fine sand, dust, pumice, sometimes covering the ground as snow, and a 
distinct and diagrammatic display of an overthrust fault half a mile in 
extent. Along the seacoast, in the neighborhood ot Mt. St. Elias, occur 
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large glaciers, one of which, extending across a valley, dams the stream 
and forms a lake of considerable extent. These glaciers lie almost 
entirely on the southern slopes, those flowing to the northward being 
inconsiderable in size. Indications of much greater extension of the ice 
in former times are abundant along this part of the basin, but farther to 
the north such signs are altogether wanting. 

Mr. Stanley Brown read a paper on the Pribyloff islands of Alaska. 
Hehring sea, from which these islands rise, is shallow, not exceeding 
800 to 400 feet. Bogoslov, one of these islands, has been a central vol- 
vMLTio from which have flowed the streams of basaltic lava of which it 
consists. These islands, especially St. Paul, are the home of the seals 
and sea lions, and the speaker mentioned the fact that numerous peb- 
bles were found on these islands whose presence was very puzzling until 
it was explained that they were brought there in the stomachs of these 
animals. 

Prof. W. J. McGee, in discussing the gulf of Mexico as a measure of 
isostacy alluded to the doctrine that areas of denudation are areas of 
elevation, while areas of subsidence are areas of deposition. Quoting 
examples from the geography of the area of the Morth sea, he explained 
the difliculty of estimating the area of encroachment in consequence of 
the building of artiflcial breakwaters and the construction of natural 
breakwaters by the sea itself. He next quoted the Soonderbands of India 
where immense subsidence has taken place and where the sediments of 
the Ganges and Sanpoo are now deposited, the great rivers of China, and, 
lastly, the gulf of Mexico, which receives on a small area the degrada- 
tion products of the largest basin on the globe. In all these cases he 
argued that the two areas coincide and that the depression is roughly 
proportional to the deposition, but subject to so many sources of error as 
to render exactness at present unattainable. 

Prof. G. F. Wright followed with a few remarks on the deduction which 
might be drawn from the presence of shells in a sandbed which he had 
discovered in Shropshire, England, during his recent visit to th^t coun- 
try. His principal point was that the evidence tended to disprove the 
subsidence of that district in the glacial or inter-glacial era. 

A short paper by Prof. J. C. Wolff described the structure of the Crazy 
mountains of Montana, which had been well illustrated by photographic 
views on the previous evening, and showed great alteration effects from 
the intrusion of masses of igneous rock. 

Some new flshes from the Cleveland shale of northern Ohio, were 
briefly described by Prof. E. W. Claypole, and a few exhibited by their 
discoverer. Dr. W. Clnrk. The leading features of the now well-known 
Binichthys and the more recent I'iianichthySf whose structure has been so 
admirably elucidated by Dr. Newberry, were pointed jout, and a new 
genus differing from both in the structure of its jaws and teeth was illus- 
trated by drawings. For this we proposed the name QorgonirhthyH, 
Allusion was also made to one or two at present somewhat obscure spec 
imens. 

Two papers by Mr. Warren Upham were read in his absence, the flrst 
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on the relationship of the glacial lakes following the ice age, and the 
second on the Champlain submergence. 

A paper on the pre-glacial drainage of Summit county, Ohio, was read 
by Prof. E. W. Clay pole, and illustrated by a map. He showed consid 
erable difference between the courses of the present and the pre-glacial 
streams. 

Other papers were read by titles in the absence of their authors, and 
the proceedings continued until late on Thursday afternoon in order to 
complete the programme. 

Altogether the meeting was a pleasant and a profitable occasion for 
the members who were present. The society will meet next summer in 
accordance with its rule, at Rochester, !N. Y., about the time of the meet- 
ing of the American Association. 

Mr. John Eyebman is in the south of France. All letters 
should be addressed to the care of Messrs. J. S. Morgan & Co. , 
22 Old Broad St., London, E. C, Eng. 

Prof. F. W. Craoin has been Granted Leave of Absence from 
Colorado College to enable him to do special work for the Geolog- 
ical Survey of Texas, on which he has been appointed assistant geol- 
ogist, lie has already entered npon his work in that promising 
field, and his address, till further notice, will be Austin, Texas. 

Dr. Persifor Frazer, of Philadelphia, sailed Feb. 27 for 
Genoa, and will be absent till May next. 

Mr. F. D. Adams, Lecturer in Geolooy and Petrography 
in McGill University, and formerly of the Canadian Geological 
Survey, has assumed the duties of editor of the Canadian Record 
of Science^ which is published quarterly in Montreal. 

Mr. Ralph S. Tarr, of the New Jersey Geological Survey, has 
been appointed to the position at Cornell University left vacant 
by the death of Dr. J. Francis Williams. 

Dr. Ferdinand Roemer, the distinguished German geologist, 
died at his home in Breslau, Dec. 14th, in his seventy-fourth 
year. He was not only one of the most eminent geologists of 
Europe, but his writings and investigations on this country, where 
he worked for many years, gave him a place among the most 
honored of our pioneer workers. It can be said truly that his 
works on the formations of Texas laid the foundation for the geo- 
logical exploration of that state. 

Sir Andreav Ramsay, late Director-General of the English 
Geological Surv^ey, died at Baumaris, Anglesey, December 9, 
1891, in his seventy -seventh year. He was at the head of the 
Geological Survey for nine years, retiring in 1881. 

Dr. T. Sterry Hunt, the most eminent chemical geologist of 
the United States, died in New York about the middle of February. 
His last work, which is reviewed in this number of the Geologist, 
occupied him in the last months of his long and divei'sified life, 
and served to round out with a satisfactory' completion, the brilliant 
labors of a brilliant career. 
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A HITHERTO UNDESCRIBED PHENOMENON IN 

H/EMATITE. 

By W. S. Grbslev, F. G. S., Erle^ Pa. 

The specimen of' which a portion is reproduced in photograpliy 
(see plate v) is one of several hand samples kindly lent to 
the writer by a Miss Culver, of Erie, Peni. vania, and it is to 
be regretted that all she can tell him about them is that a friend, 
who makes trips to the lake Superior iron region, occasionalh' 
caiTying cargoes of ore to Erie, gave them to her about a year 
ago, so that the exact locality, the name of mine, nature of 
ordinary deposit in which they were fount , depth, and so forth, 
cannot (at present, at all events) be ascertained. 

The ore is a fibrous red hsematite, evidently of great purity 
(ix)ssibly 70 per cent, mt^tallic iron), reddish-blue in color, of 
smooth and somewhat unctuous feel, and very compact and tough 
looking; small groups or bundles of the fibres chink like iron 
nails when shaken up together in the hand. . The fibres run in a 
curved form, thus giving the hand-specimens a more or less 
curved or horny shape. The samples examined vary in length 
Ijetween two and nine inches, but as the longest of them has lost 
its inner extremity, its root or commencement of growth, so to 
speak, it may have been an inch or two longer when whole. The 
specimens do not fit or exactly belong to one another, but from 
their peculiar likeness have evidently all come from the same 
deposit or mass in the mine, wherever that may have been. Tlie 
center or centers of formation appear as small flat cavities, (i. f., 
supposing the thin ends of the fragments examined represent the 
commencement of their formation outwards around these nuclei.) 
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They are fragments of botryoidal or reniform masses of ore, and 
thus are of sevondtwy origin. Starting away from the nuclei the 
ore has very much the form of fangs of double teeth — bhint, 
irregular, conical aggregations of fibres, now without anj' filling 
of an}' material between them, though when in situ may have had 
red powdery ore or clay among them. Concentric structure is 
exhibited in one of the fragments. 

Now what is most peculiar in these samples is that they have holes 
through or running in them at different distances from the nuclei 
and from one another. Three inches is about the distance of the 
nearest hole seen from a center of growth, and those l)est pre- 
served are clearly shown in the plate. 

The points or chief characteristics to be noted appear to the 
writer to be : 

fi. The shape or form of these holes or little tunnels. 

h. The fact that they run roughly parallel to one another or at 
right angles to the fibres of ore, namely : nearh' square across or 
through the specimens. 

c. The peculiar curi'ature of the grain of the ore surrounding 
these apertures, particularly clearly brought out in the case of the 
left hand or perfect hole seen in plate. 

(I. That, beyond or to the right hand side (as viewed in photo) 
of these pear-shaped tunnels there exists a straight, smooth kind 
of '^bedding plane" running forward to the next hole (where the 
fibre is l)ent round), or right to surface or exterior of specimen, 
as shown between A and B (lower side of view). 

e. The apparent fact that had the formation of the ore contin- 
ued be3'ond B C, the outermost hole — realh' a groove or 
channel now, because open on one side — would have been closed 
over in like manner to that seen about three inches to rear of it. 
[Of course it will be seen that the lower of the three '^holes'' is 
only half there, the corresix)nding half being broken away with 
the rest of the mass. ] 

/. All the holes have the same cross section in form and meas> 
ure, just about the same diameter — a little over ^ inch the short- 
est way. Under a pocket lens the surface of parts of these holes 
(their walls) is seen to be mammillated, and throughout they are 
coated with a soft skin or film of red iron oxide. 

The outside surface of the specimen, i*. *'. l^etween B and C, the 
edge of which is here shown, is oddly polished, though not artificially, 
I think. This edge or surface represents the limit of growth of 
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the mass in that direction. Of course, one is at onco inclined to 
ask: What do these holes represent, and whence came they? Were 
they once filled with ore or witli any other mineral matter? etc. 
While the writer does not pretend to give any satisfactory explan- 
ation of this curiosity, he would like to remark one or two things. 

These cannot be holes drilled or eaten out, or burrows made bv 
worms or animals of any kind; nor have they been made by the 
hand of man. The form or arrangement of the structural fibre of the 
ore in vicinitj' of the apertures is altogether against such theories. 
The writer possesses various English specimens of clay ironstone, 
one of which is now haematite (having l3een altered by peroxidation 
of iron and water in contact with red strata of Permian age), per- 
forated by worm burrows, which are now either filled with pink 
ealcite, with fossil slime secreted b}' the worms, or are empty. 

We are unfortunatel}' in the dark as to which way this illus- 
trated sample lay or was formed in situ, but the writer conjectures 
that in whichever direction it was accumulated or grew, the 
mass in forming met with some obstructions, around which it 
continued to grow and even to entirely envelope in most cases. 
What such supposed obstructions or projections were, seems to be 
the point from which to arrive at a satisfactory conclusion of the 
growth of the ore. It has occurred to the author that possibly 
stalactitic ore was there first and tiiat this fibrous variety formed 
around and amongst the stalactites. But stalactites do not take 
the form which these holes show. Usually thev are rudelv cvl- 
indrical or long, tapering cones ; and, if once present why are no 
remnants left now? Twigs, wires or narrow pods would seem to 
suit better. Whatever may have been there is now gone from 
the samples examined, for all the holes are empty. 

It seems impossible to regard them as elongated air holes, or 
bubbles, for the texture and form of the ore has not been altered 
from what it was when first formed into this condition; there has 
evidently })een no squeezing, no metamorphism, no fusion, vitri- 
fication, elongation or shortening of the mass; it shows to-day just 
as it was after or even during process of formation, or grtncth, 
as we may fairly term it. Can it be possible that the mass has 
formed in situ around or in contact with a number of lengths or 
coils of wire, in some place in a mine, where the conditions have 
been very favorable for a very rapid growth? We know that 
agates are produced in a very short space of time under favorable 
circumstances: I refer to the German samples artificially made 
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out of natural mineralized water in some of the mines or caverns 
there. Certain forms of gypsum too, have been known to form 
within a few years, and I am here reminded of the fact of a man 
being lost in the great Dalecarlian copper mines, at Falun in 
Sweden, in the last century, whose body when discovered, was 
partially converted into a yellowish gypseous mineral, it having, 
as is supposed, fallen into or become covered with mine-water. 
Stalagmite, sinter, tufa, etc. , do form quickly, as in the vicinity of 
hot springs, *«petrifying wells,'' in caves, in old mines, etc. 
Quite hard and thick deposits of lime, iron, etc. , are frequently 
found in mine water-pipes, cisterns, in old * ^atmospheric engines, " 
and other places where conditions favor their deposition ; however 
the writer cannot call to mind an actual case of hard pure iron 
ore proved to have formed within ancient or modern history, 
unless certain curiosities taken occasional!}' from blast furnaces 
(results of peculiar melting and deposition in connection with 
other mineral substances) may be regarded as such, or the instance 
<iUote<l by Bischof in his <<Chemical and Physical Geolog}^'' of 
three feet thick of limonite occurring over a substance containing 
Roman coins, in central Europe. Swedish **bog iron-ore" is 
stated to form at the rate of several inches in a few years. The 
writer remembers a very singular case of rapid growth of a spec- 
imen from a coal mine in Staffordshire, England. It was placed 
in a cabinet and being left to itself for twenty-ftve yeare, was at 
the end of that time found to have eaten its waj' upwards through 
one inch of wood (the top of the cabinet, ) and downwards through 
three earthenware plates on which it was placed. Its owner stated 
that its gix)wth in bulk had since l>een so extensive he had broken 
off fi'agments, to keep it within bounds, to the extent of five or 
six times its original bulk. Scientists who had examined this 
specimen consider it to be a variety of vopitvpitv, or ? coquimhitr 
Alunogen or ^^hair-salt^'' or ? ferrous sulphate is another mineral 
of rapid growth in favorable situations ; the writer measured some 
fibres in an entry in an English coal mine, in May, 1880, which 
entry had to his own knowledge been driven about eight years. 
The longest fibres were 11^ inches, thus giving an average annual 
growth of nearly 1^ inches. Other facts might be cited, but 
enough has })een said here to show that whether fibrous haematite 
can or cannot form rapidly under favorable conditions, many min- 
erals or combination of minerals can and do grow amazingl}* fast. 
Additional specimens of this lake Superior ore, could they l)e 
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prucui'ed, might throw light od the subject. The general aspect 
of this singular variety of ore of iron, 90 strangely resembling 
split woofi, suggests the name of '■'■Wuad iron-orr" for it, but the 
grain in woo<l passes around knots, or holes once occtipiefl by 
knots, in a different way from the grain in this iron-ore. 

The specimen in question can in no way be regarded as pstn- 
JomorphoiiK, or be a replacfmeul formation aft«r fimrs/om, dolo- 
mite, py rite., cltitlredonj/, etc., nor is it a/oxtil (mineralized wood) 
or anything of that description. 

Erie, Peun., T'. S. A., Nov., 1891. 

Erie, Fa., Dee. 15, 1861. 

PbOF. N. H. WtNCJIEW- 

Dkar Sir: Acting on your suggestion, 1 have polished one end of 
the sample through one of the holes, and beg to incloee drawing aod'ile- 
Bcriptlon. I cannot see anything here attributable to twod-ftwue. The 
dull-pcllshing portions, e e, are the sides or walla of the hollow aba, 
and may he insusceptible of taking a higher poUah because the flbrea of 
the ore here are bent In the direction o( the hole, as you will notice in 
the photo (plate V). 



The hole lies between n 11, the porLion left on the specimen being 
about iV inch deep in the center, as at h. This portion (a to n) is, there- 
fore, not poliBhed;f rare the two walls of the hole, the ore of wbich does 
not take agood polish. This part of the ore exhibits harder and brighter 
spots, it il, wbich grailually merge into tlie compact, hanl ore, e e, (the 
unshaded ponion of the surface treated), which lakes a high polish. 
The surface of the hole ('i to n) is, as shown, ali,s!btly mammillated and 
coated with red, powdery ore. W. S. Gresi.Ev. 
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THE LOWKR COAL MEASURES OF MONONGALIA 
AND PRESTON COUNTIES. W. VA. 

By S. B. Brown, Ase't Professor of Geolog;>', W. Va. Uiilvewlty, Mor^nntouu. 

For ten or twelve miles south of Morgantown, W. A'a., the Mo- 
uoiigahela river flows north along the strike of tlie Barrens with 
the Lower Coal Measures just rising above water level. The Ma- 
honing sandstone at the base of the Barrens in this region is 100 
to 1 50 feet in thickness, and the banks of the river are for long 
distances crowned with its high clitTs which, in many places, have 
weathered into fantastic forms. The streams that flow into the 
Monongahela from the east have worn deep and narrow gorges, 
whose steep sides are held up by the massive masonry of this Ma- 
honing sandstone. 

But it may be seen in ascending these streams that the strata 
)x>unding their sides are rising faster than the stream beds ; lienee 
lower and lower strata emerge from the water level, until at six 
or seven miles east of the river, the whole of the Lower Coal 
Measures outcrop along the hillsides, and the Pottsville conglom- 
erate l>egins to show its pebbly surface along their banks. 

Starting three miles above Morgantown, at the mouth of 
Booth's creek, with the Upper Frceport coal at the river level, 800 
feet above tide, and following up this stream to the southeast, we 
find the coal constant!}' rises higher above the water, until at Old 
Clinton furnace, six miles distant, it is 165 ft. above the same, 
while at llalleck, on the Chestnut ridge anticlinal, it is in the tops 
of the hills, and 1,900 ft. above tide. 

This Chestnut ridge anticlinal forms a true watershed, and di- 
vides the streams flowing into the Monongahela from those flow- 
ing into the Tygart's valley, at Grafton. 

From Halleck, continuing southeast, we follow down l-iaurel run 
to Irondale furnace, and observe that the strata have dip]KKl in the di- 
rection of our course almost as fast as the descent of the stream, 
until at Irondale the Upper Freeport coal is but 1,000 ft. al)Ove tide. 

On reaching Newburg, the strata are again rising east, so that 
we have crossed the trough of the liigonier syncline and find the 
Upper Freejx^rt coal at 1,050 ft. al)ove tide. At Austen, three 
miles further east, it is at the level of the B. & 0. Railroad track, 
and 1,560 ft. above tide: at the Kingwood tunnel it is 1,80(» ft. 
above the sea, and after a small di^) to the east it again rises, and 
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near Eighty Cut, at 1860 ft, A. T., it passes into the air and is 
seen no more on the western side of the Allegheny mountains. 

The whole length of this section, embracing one great anticline, 
one syncline, and reaching to the crest of another anticline, is 
about .3(1 miles, and along it in several places complete sections 
of the Lower Coal Measures are exposed. 

Between the Mahoning sandstone and the Upper Freeport coal, 
near the river, there are usually about 40 ft. of dark colored 
shales, that in places yield numerous fossils, but on going east 
these shales rapidly thin out, and the sandstone then lies immedi- 
ately upon the coal, forming an excellent roof. 

On ascending White Day creek toGarlow's mill we find the Lower 
Coal Measures fully exposed and the section shown in cut No. 2 was 
obtained there. The Mahoning sandstone here lies immediately 
upon the L^pper Freeport coal. The section reads as follows: 

1. Upper Freeport coal 4' 

2. Shales 25' 

3. Limestone 4 ' 

4. Shales 6 ' 

5. Fire clay and iron ore 3 ' 

6. Shales and sandstone 75 ' 

7. Upper or Middle Kittanning coal * 5' 3" 

8. Limestone 2 ' 

U. Sandstone and shales 40 ' 

10. Lower Kittanning coal. % 4 ' 

11. Shales 35' 

12. Sandstone, massive, perhaps Home wood S. 8 15 ' 

13. Shales 30' 

14. Coal 1' 

15. Shales. 10 

16. Main Pottsville conglomerate 



Total 259' 3' 

About six miles up Booth's creek, at Haigh's bank, the Upper 

Freepoil coal shows the following section, descending: 

Coal 0' 8*^ 1 

Shale 0' 6" 

Coal 2' 6" ^4' 6" 

Shnle 0' 2' to 3' | 

Coal 1 0' I 

At Stevens' bank, in Winfield District, Marion county, it shows: 

Coal 2 6" ) 

Shale V \ 3 10" 

Coal 1' 2- ) 

At Isaiah Robes, on Whiteday creek, it is very excellent, 4^ 
ft. thick, with 2" to 8" of shale. 1 ft. from the bottom. All of 
those openings are on the western slope of the Chestnut ridge an- 
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ticline. Farther eastward, in the Preston county basin, tlie coal 
shows about the same structure, but is twice as thick, being 7 to 
9 ft. at numerous openings. It is vahiable as a coking coal, and 
is U8e<l for this purpose at Irondale, Newburg and Austen. Its 
roof shales show fossil plants, Calamites, Sigillaria, Neuropteris 
flexuosa and N. hirsuta. 

Along the river near Little Falls and also in the I^reston county 
basin, the Upper Freeport limestone occurs at from 20 to 25 ft. 
below the Upper Freeport coal, but along the Chestnut ridge an- 
ticlinal it seems to be absent, or but poorly developed. It varies 
from 2 ft. to 8 ft. in thickness, and on weathering shows a mi- 
nute univalve fossil. 

About 155 ft. below the Upper Freeport coal is an horizon at 
which fire clay and iron ore are often found. The iix)n ore is a 
siliceous shell ore, and was formerlv manufactured into iron at 
Clinton furnace. At one place a scam of coal is reported under- 
lying the ore. This seam maj' be the Lower Freeport coal. 

The next 75 ft. consists of shales and sandstones, the interval con- 
sisting mostly of shales in the western part of this district, but to- 
ward the mountains, these arc replaced by a massive sandstone 
that is quite coarse and pebbly and has alx)ut the same thickness. 

The next stratum is known over a large district as the ''three 
ft. vein of coal," although its thickness is quite variable. On 
White Day creek, this bed shows the following structure : 

Coal 2 0- 

bhale .0 V \ 

Coal 10- j^5' V 

Shale 1 3- i 

Coal 1 0- ' 

Only the two upper benches of coal are mined ; the 1 5 inches of 
shale in the l)ottom being too much to remove for the 12 inches of 
coal l>eneath. The roof here is of thin bedded sandstone and is 
excellent. Elsewhere along the Chestnut ridge anticlinal, this coal 
is seldom over 2 feet in thickness, and usually has i)orous, sandy 
beds for a roof that are incapable of sustaining great pressure. 

Prof. White shows this coal to have the following structure 

in the Newburg shaft ; 

Coal 1' 0- I 

Slate 3- | 

Coal, slaty 2' 0" ;- 7' 3" 

Fireclay 2 0" 

Coal, good 2 0" 

Immediatelv under this coal is a limestone aljout 2 ft. thick. 



SOf-t. 



f I 



T-rri 
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At other places in the same neighborhood there i» one foot of 
shale between the coal and limastone, while in the vicinity of 
Clinton furnace, the limestone is more siliceous, highly ferri- 
ferous and 10 ft. to 12 ft. of sandstone divides it from the over- 
lying coal. This limestone is the Johnstown cement bod of 
Pennsj'lvania. 

Descending, we next pass through 40 ft. of flaggy sandstones 
and shales and reach a stratum of black shale, usnall}' about 1 ft. 
thick, filled with fossil plants, calamites, Lepidodendra, Neurop- 
teris hirsuta and Pecopteris of various species. The black shale 
is the roof of a ver}" important seam of coal, the Lower Kittan- 
ning, the most extensive coal seam of the Appalachian field. It 
varies greatly in thickness, but is nearly alwaj's workable. In 
the western part of our section it is four feet thick; in the New- 
burg basin it is over seven feet in thickness. In the vicinity 
of Halleck, this coal shows the following structure: 



Coal 0' 2' ^ 

Shales 2' 6' 

Coal 2 0- 

Shales 0' 2' 

Coal 0' ID- 



S' 8" 



Although it is all good coal the lower stratum of ten inches is 
of very superior qualit\' and is much used by blacksmiths. In- 
deed, it is to its value for this purpose that the whole seam owes 
its high reputation. 

In the bottom of the shaft at Newburg, it shows the following 

complex structure: 

Coal 0' 10' 

Shale, gray 10" 

Coal 6' 

Coal, bony...., 3" }- 9' 5 

Coal, maiQ bench 4 ' 6 ' 

Black slate 6' 

Coal 2 0- 

Under the Lower Kittanning coal, we have 85 ft. of shales and 
clays bearing iron ore nodules near the l>ottom. It is this iron 
ore that furnishes a cause for the number of chalybeate springs 
that occur at this horizon along Chestnut ridge. 

Next comes a hard-pebbly sandstone that is usualh' al)out 15 ft. 
in thickness, filled with impressions of large plants, Sigillarids 
and Lepidodendra, and which resembles the **Great Conglomer- 
ate. ' This is perhaps the Homewood sandstone, of Pennsylvania, 
the uppermost member of the Potts ville conglomerate series. 
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This n>ck makes a sharp change in the topography wherever it 
appears a}x>ve the surface. It does not disintegrate easily, and 
hence usually makes an a})rupt cliff, while its great l)Oulders are 
scattered far down below its present outcrop. 

Under this hanl sandstone, we find about 80 ft. of sandy shales 
filled with plant fossils. Then one foot of hard, black slate cap& 
one foot to one and a half feet of coal. This coal is often worked 
and is of good quality. 

About 10 feet of shales underlie this coal, which brings us down, 
to the main mass of the Great Conglomerate. 
W. la. Univeri^itu, Dee. IMi, 1891. 



THE TIN ISLANDS OF THE NORTHWEST. 

E. W. CiJiYPOLB, Akron, (). 
I. 

The Cassiterides or Tin islands of the ancients were the granitic- 
masses of Cornwall and the Scilly islands. Hither came in days 
before the dawn of written history (except perhaps Egyptian) 
the enterprising mariners of Tyre, to buy from the Britons their 
much prized and very scarce metal. By craft and daring in nav- 
igation, they for many years kept the destination of their tin- 
ships a profound trade secret. Few dared follow them out be- 
tween the pillars of Hercules into the foggy and stormy Atlantic^ 
and Ph(enicia was conseciuently for ages the central mart for the 
sale of this metal — the stannary of the world. 

4- 

Not, however, for the sake of tin pure and simple, did these 
old Phcenician mariners undertake the voyage from the Levant to 
St. Michael's Mount and back — (>, 000 miles of sea, and often out 
of sight of land. Tin alone (the plumhum alhum or white lead 
of the Romans) was of little use. Pliny,* it is true, speaks of 
tinning copper vessels, but Pliny lived at a comparatively late 
date. It was the peculiar and intense hardness that characterizes 
its alloy with copper that gave this metal its value among the 
ancients. Bronze was the material of which all metallic cutting 
tools were made before the discover}' of steel, and for many year» 
afterwards until this latter became cheap and easily wrought. 
It is therefore needless to point out the great advantage possessed 
by the nation that held the secret of the Cornish tin. Others 

♦"Staunum illitum aeneis vasis compescit aeruginis virus.'' Plin. 34, 4S, 
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could biiv the bronze after it had been made, but could not make 
it, and this, there is abundant reason to believe, was done. 

Even after the introduction of steel had destroyed the value of 
lironze weapons, so many uses for tin remained that the old Corn- 
ish mines were never entirely closed, though in the time of the 
English Plantagenet kings the royalty had dwindled down almost 
to nothing. 

II. 

Rising like islands from the vast prairies of the Northwest are 
the Black Hills of Dakota. Thej' break through the monotonous 
plain that extends from Chicago to the foot of the Rocky mount- 
ains. Their steeply inclined axial strata are in strong contrast 
with the flat beds of the Cretaceous and Tertiary' eras around 
them. To these, as to the new Cassiterides, much attention has 
been directed for some yeai*s past, in the hope that the future tin 
supply for the markets of North America will be drawn here- 
from. 

To the geologist these hills are equally interesting on account 
of the problems which the}^ suggest, and the facts which they re- 
veal concerning the evolution of the Northwest. 

Prof. N. IT. Winchell and Mr. Henry Newton were the earliest 
explorers in this field, and entered on its investigation while it was 
still in a wild state, and occupied by hostile tribes of Indians. 
To their work the present writer, and all who have followed 
them, are deeply indebted for facts and data. The writer's own 
observations have been made mostly in the southern tin-district, 
and in some parts of the east and north of the Black Hills. 

111. 
The core or medial axis of the Hills consists of a ridge of 
schists and slates dipping at a high angle to the east, and often 
nearlj' vertical. Of these the schists are the older and underlie 
tlie slates. They are very micaceous, and often so full of garnets 
as to appear red, and have been likened by Profs. Blake and 
Crosby to the «<Montalban" series of New England. These 
schists are heavily charged with lenticular sheets of a very coarse 
granite composed of quartz, albite and mica, which have been 
described by some as intrusive. But the evidence rather justifies 
the belief that they are really veins of segregation, as they uni- 
formly agree with the schists in strike and dip. These veins are 
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very striking to one only ac([iiainte(l witli granite in its usual 
form — a finely granular mass. Tbe quart;c is as usual, dissemi- 
nated, but the albite, the chief ingredient, is found in very large 
crystals, and the mica in sheets sometimes a foot or more in diam- 
eter. With these occur crystals of black tourmaline occasionally 
weighing several ))ounds, and magnificent spodumenes, ten, twenty 
and thirty feet long in the rock. Here too, are found beryl, 
cassiterite (tin-ore), columbite. and other minerals often associ- 
ated with these. 

These intercalated veins of coarse granite weather less rapidly 
than the schists and consequently stand out in bold relief on the 
hillsides, their wreckage strewing the ground so as to conve}* the 
impression that the granite area is much larger than' is really the 
c.xse. No massive granite exists in the Hills, even the central 
Harney peak being composed chiefly of schists. The veins run 
in some instances for long distances — many hundred feet or yards 
— but eventualh' disappear to })e suc<jeeded 1)V others in parallel 
lines. 

The presence of the cassiterite* in them has drawn attention to 
these schists almost to the exclusion of the other strata of the 
Hills. We will return later to this topic when treating of the tin.* 

lY. 
The eastern slates overlying and conformable with the schists 
compose the 3*ounger part of the axis already alluded to. They 
occup}' the whole eastern side of the mass of the Hills, and like 
the older schists dip steeply to the east. They are hard and blue 
or dark grey, have no true cleavage, and weather into ragged 
peaks or edges. So far as it is known they contain no useful 
minerals. Vast beds of ([uartzite are found in them so massive 
a-i to justify calling them at times sandstone deposits. 

V. 
Both the formations above mentioned belono; to tliose earlv 

ages of geologic history or rather legend, which are at present 

comprehended in the term -'Pre-C^ambrian. ' It would be more 

*It is worthy of remark in this coanection that the stanniferous veins 
of Dakota are immensely older than those of Cornwall. The latter are 
all of post- Devonian age, and probably in some cases very much later 
than the Carboniferous. Indeed it would seem as if the process of the 
deposition of cassiterite were continuous, as it is not uncommoQ to find 
in Cornwall recent dr-er-horns so impregua.ed with the mineral, that 
they are as rich as the average ore of the county. 
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strictly logical to write ** Pre- Potsdam'' because we can only prove 
that thev antedate that era. But the total absence of fossils and 
their structure and immense thickness point strongly to a Pre- 
Cambrian date. Regarding the last character Prof. Newton 
writes : 

* 'The whole thiqkness of vertical rock with a width of alx>ut 
twenty-ftve miles, is believed to retain its original relation of 
parts." So great a thickness of even Pre-Cambrian strata is 
scarcely credible. 

Immense beds of conglomerates are a feature of the slates, and 
are well displayed in many places, as for example, near Lead City 
on the railway. The pebbles consist chiefly of glassy quartz and 
quartzite, both of which are found in the older schists, but the 
conformability of the two series forbids our ascrilnng them to 
that source, and compels us to seek some other and more distant 
origin. The pebbles of quartzite are elongated, says Prof. 
Crosby* , but those of quartz are not. 

Prof. Crosbv has also called attention to a vast sheet of diorite 
(plagioclase felspar and hornblende), sometimes auriferous, which 
passes through the entire length of the eastern or slaty series, and 
of which abundant fragments may be seen on the eastern slopes, 
and also to massive but very siliceous beds of hiematite like those 
of the lake Superior region. He has further demonstrated from 
the presence of limestone pebbles in the Potsdam, that a l)ed of 
this material must be covered up somewhere in the Hills. This 
discovery may some day thn)w light on the age of the slates, some 
of which may, though such a supposition is scarcely |>ossible, l)e 
of lower Cambrian date. 

VI. 

After the deposition of the series above described in the sea of 
Pre-Cambrian age, an elevation of the region took place whereby 
the schists and slates were bent and folded at a very high angle 
an(J the Black Hills of Dakota were lx)rn. If we must regard 
the whole series as one unduplicated mass, the}' form a mono- 
clinal ridge with strong easterly dip. This movement alone indi- 
cates a long time, but the enormous erosion which the strata 
suffered before the Potsdam sandstone was laid down upon their 
basset edges forbids any doubt on this point. The interval rep- 
resented by this gap extends from the date of the latest slate to 
that of the Upper Camlu'ian, and may include the whole of Lower 
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and Middle Cambrian time, with ix)ssibly some earlier eras. 
During all these aeons the Black Hills stood as an island or as 
islands in the Cambrian sea, supplying by their wear and tear 
under the action of the weather and the waves the sand requireil 
for the Iniilding of the Potsdam sandstone. 

The elevation which had set in after the deposition of the 
schists and slates, at length ceased and subsidence ensued. The 
sea l)egan once more to submerge the sinking land, and the Pots- 
dam sandstone already forming in the suiToundingseaencroaciied 
on the island. As the water advanced it destro3'ed the super- 
ficial parts of the old land, and deposited the material as the Pots- 
dam sandstone. This is seldom more than 250 feet thick, and is 
conglomeratic at base containing pebbles of all the harder rocks 
found in the hills, as well as of the limestone above mentioned. 
These last occur all round the Hills, and in some places comi>ose 
almost the whole of the basal conglomerate. 

There can l>e no reasonable doubt of the identification of the 
Potsdam, though no fossils liave yet been found. It is probably 
continuous from its eastern outcrops beneath all the other pal- 
leozoic strata. But the slightly calcareous nature of its upper 
layers and the few fossils which they have thus far yielded, indi- 
cate that these may represent strata much higher in the scale. 
This will be more evident after consideration of the next topic. 

VII. 
If the sandstone be referred entirely to the era of the Potsdam, 
then there is a second long gap in the strata of the Hills, includ- 
ing all the Onlovician, Silurian and Devonian eras. But if the 
(qualification just stated Ikj allowed then the gap only includes the 
Ordovician and Silurian eras — a time suflftcientl}' long. Prof. 
Carpenter has discussed this (question, and has adopted a sugges- 
tion fii-st put forth, I believe, by Prof. Crosb}-. The former says: 

• 

"It was shown by the Challenger Kxpeditiou that in the truly abysmal 
depths of the sea, there is, properly speaking, no sedimentation These 
are the red clay areas which form a characteriHtic feature of the deeper 
portions of the sea, and are found at all depths from 2,000 fathoms down 
to the deepest abysses. They consist of exceedingly fine clay colored 
red with oxide of iron. This clay is not a sediment, having Its origin in 
the erosion of the land, but is derived from the aluminous portion of 
shells, decomposed pumice and fine volcanic ash/* "So slowly is this 
accumulation taking place that the ear- bones of whales and the teeth of 
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sharks believed to have been extinct from early Tertiary times, have not 
vet been covered with it." 

*'The point that I wish to make is that if this section sank to these 
abysmal depths during Silurian and Devonian times, it reached a depth 
in which there was no sedimentation, and heuce rocks of these ages are 
absent. A slope of only one degree would in two hundred miles from 
the shore have carried it to the depth of 3,0(M) fathoms, or far into the 
red clay area." 

Though the acute hypothesis above stated can scarcely be us- 
suuiecl at present, yet one fact strongly confirmatoiy must not be 
forgotten. When sedimentation again set in limestone and not 
■sand was deposited, indicating distance from shore. 

Though apparentl}'^ unique thus far in geology as an explana- 
tion of the absence of strata, it is certainly at least plausible, 
and none of the objections urged against it have sufficient weight 
to form an insuperable obstacle in the way of its acceptance. 
On this view the Potsdam subsidence continued until the area of 
the Black Hills had sunk below the 8.000 fathoms level, and of 
<jourse the tops of the highest peaks were covered with water. 

On the cessation and reversal of this movement, the first sedi- 
ment that covered the bottom of the rising area was that of the 
Carboniferous limestone. This holds characteristic Carbonifer- 
ous fossils, and indicates oceanic conditions of deposit. It is 500 
or ()00 feet in thickness, exceedinglv hard and durable. Its 
position shows that at the time of deposition the area of the Hills 
was deeply sunk, because over a great part of the district this 
limestone lies horizontal on the horizontal Potsdam, and is never- 
theless elevated above the edges of the slates and schists except- 
ing on the very highest peaks. It has been raised without con- 
tortion, and shows only gentle dips around the margin of the 

Hill region. 

VITT. 

The incoming of sandstone near the close of the Carboniferous 

deposits indicates that some part of the Pre- Cambrian area had 

then risen above the water, and the lack of any decided break 

between the Palaeozoic and the Mesozoic as well as the variation 

in the material of the Trias shows an unstable condition of level 

during that era. The Trias contains beds of bright red clay, a 

ver}' pure 30 -foot limestone, hard and uniform, and enormous 

strata of gypsum cropping out all round the hills in quantity 

sufficient to supply the whole continent. The limestone forms a 
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rampart through which the streams have cut narrow channels, bv 
which entrance is with dilBculty gained to the central fastness. 
A fine illustration of this structure is seen along the nan'ow- 
gauge railway running up Elk creek from Postville to Lead City. 

Though the Jura.ssic beds that follow are conformable to the 
Tritis, 3'et no greater contrast can well be imagined than that 
offered by these two formations. The former is absolutely desti- 
tute of all trace of life, while the latter contains some of the 
richest fossiliferous strata known an3'^where on earth. AVhat 
physical changes are indicated by this difference cannot now or 
here ])e discussed, but whatever they were, they permitted the 
abounding reptilian life of the Jurassic to invade the lifeless seas 
of the Trias. The rapid thickening of the former beds to the 
northwest, as pointed out by Prof. Carpenter and others, shows 
that the land whence they came lay in that direction, while the 
gypsum of the Trias would imply a closed sea and great evapor- 
ation. 

The vast and varied rei)tile fauna now accumulated by Prof. O, 
C. Mai*sh, at New Haven, has been chiefly taken from the Juras- 
sic of the region surrounding the Black Hills. Many of its 
aiembers being in part or altogether terrestrial, indicate land at 
no great distance, and the Hills then probably rose as islands 
a]>ove the Jurassic waters. 

Of this fact there is no room for doubt at the commencement 
of the Cretaceous era, for the fine conglomerate at its base owes 
its origin to the Pre-Cambrian strata of the axis. But the emer- 
gence was apparently only temporary, and was followed by sub- 
sidence, which again carried the Hills under water, and allowed 
the deposition of the later Cretaceous beds over the whole area. 
These strata indicate marine conditions, but no great distance 
from land, as they consist of clays and shale, with little lime, and 
contain abundant and beautiful specimens of Baculites, Am- 
monites, etc. 

IX. 

It seems probable that the Cretaceous sea continued on into the 
Kocene ers», and that Eocene strata were deposited over the Cre- 
taceous. As Prof. Carpenter has shown, there is evidently a gap 
in the reconl here. The Eocene is wanting in the Black Hills, 
and the Miocene lies imniediatelv on the Cretaceous. Durinsr 
some part of this interval the central peaks, if not more, serve<l 
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as tlistributing centres of the Pre-Cambrian rocks which lie scat- 
tered over the surface to the distance of 150 miles from the peak. 
They lie below the Miocene beds, and disappear under them at 
their first occurrence, and are even seen below their outliers. 

The means and manner of the distribution of the boulders has 
been a matter of some speculation. Prof. Carpenter was once in- 
clined to believe that they proved the occurrence of an Eocene 
ice-age, but has since abandoned that view. It is not easj% how- 
ever, to see how such lK)ulders could be scattered so far over the 
country merely by the ordinary agents of erosion. 

The Miocene deposits were laid down in a great fresh -water 
lake, and in them are entombed the remains of a gigantic mam- 
malia of that era, indicating the proximity of land. During all 
this time the Black Hills stood as islands in this lake, and were 
doubtless tenanted by the animals whose remains are found in the 
strata. Miocene deposits approach within 15 miles of- the Hills. 

Here the geological record of the region ends. With the ex- 
ception of a few fragmentary notes of Quaternary time made by 
the usual stream erosion and of the relics of a few Pleistocene 
mammalia that occupied the Hills, the later annals do not exist. 
The great Ice- Age has left on the Black Hills no sculptured 
hieroglyphics of its ice-chisel, such as those that have immortal- 
ized it elsewhere. No erratic boulders, no arctic drift indicate an 
invasion by the northern ice, and no striation or grooving of the 
rocks leads to the belief that the Hills were an independent cen- 
tre of glaciation. This fact is full of significance. Lying four 
hundred miles north of the southern e<lge of the great ice-sheet 
they were yet out of the zone of accumulation, and even ^yond 
the zone of waste. The ice of the noi'theast and of the north- 
west expended its strength in crossing the wide prairie regions 
that separate these hills from the great glacial centres of the con- 
tinent. 

X. 

But the chief interest of the region at the present time lies in 
the presence of the tin-ore mentioned at the outset of this paper. 
The economical importance of this mineral is greater than that 
of any other that the Hills are known to contain. 

Cassiterite is usually limited to the proximity of granite rocks, 
but in the Black Hills it is yet more closely limited to the granite 
veins described above as occurring in the older schists. And in 
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these it is, as usual, very irregularly disseminated. Some veins 
are altogether barren. In others is found a varying quantity of 
ore, never ver3' large. Strings and threads and granules, often 
almost invisible, with occasionally a lump weighing a few ounces, 
or more rarely a few pounds, are the forms in which the 6assiter- 
ite occurs. This, it mav be remarked, is the usual mode else- 
where. In some instances, and probably either in choice speci- 
mens or in chosen localities, a yield of three and even of four 
percent., has been reported. But a sanguine estimate for the 
productive veins of the region could not exceed two per cent. . 
and even this could only be reached by careful work and the re- 
jection of poor material. The whole of the stannifei*ous material 
must be mine<l and picked over or crushed and washed in order to 
extract the ore, a process that entails considerable lalx)r and expense. 

It would be premature to give any positive opinion regarding 
the contents of the veins as they are followed down, but judging 
from indications there is no ground to anticipate any change. 
The weathered material on the hill-side is scarcelv richer than the 
lo<les, nor are the "streamings" to be compared in richness with 
those of some other parts of the world. Hence there is no rea- 
son to conclude that the portions of the veins already eroded were 
any richer than those now existing. Judging also from the ar- 
rangement and the structure of the veins they will run out down- 
ward as at the surface, and be succeeded b}' others, and they will 
certainly vary much in richness from place to place — a fact which 
always renders lo<le-mining an uncertain occupation. 

There has been an immense expenditure of money during the past 
few 3'ears in the }Iills,in mining machinery and other plant, and it is 
only reasonable to expect some return of metal from the outlay at 
no distant date. Enormous (piantities of cassiterite undoubtedl}' ex- 
ist in the granite in spite of its sparse and fine diffusion in the rock, 
but the problem awaiting solution is whether or not it can be con- 
centrated and reduced at a figure that will afford a reasonable profit. 
Tt is too early at present to say what can be done with better ma- 
chinery and methods, and the practice of the most rigid economy 
in the work. But the experience of a few years will show If the 
tin from the Black Tlills can be produced at a figure sufficiently 
low to maintain itself in the open market of the world. If not, 
the subjc»ct of Dakota tin-mining will cease to be one of economic 
geology, and will become merely a question of the hight of the 
tariff-wall that can be built around it for its protection. 
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DISCOVERY OF A SECOND EXAMPLE OF THE 

MACROURAN DECAPOD CRUSTACEAN, 

PAL>EOPAL>EOMON NEWBERRYl. 

K. P. WiiiTPiELD, N»'\v York. 

The occurrence of decapod crustaceans in the Devonian, or 
Lower Carboniferous strata, is so rare that the discovery of an 
individual is well worth recording; and as P<il(topaIaomon ntir- 
herryi is the earliest or first of the group yet known, its occurrence 
may well be considered as of special importance. 

A few weeks ago I received from Dr. A. S. Tiffany, of Daven- 
port, Iowa, under the name of Echinocaris sp,, undescribed, a 
fossil crustacean so badly preserved' as to be somewhat mislead- 
ing on first examination, but which, on being cleared from the 
rock in some of the critical parts, provetl to belong to the genus 
PaloRopahvomon , and so far as the specific features can be ascer- 
tained, to be identical with that species described in the Aincr, 
Jour, of tScienre, Sd series^ J880, Vol. 10, pp. J^O-J^l, and subse- 
quently in the Annals of the. Nv\r York Acntl. Svi., Dec, ISUi^ 
p. o05. PL XII, Figs. 19-^1* 

The specimen is of about the same size as that figured as above, 
but much less perfect, as it shows onl}" a part of the carapace, 
the right side and anterior end being quite defective. The basal 
joints of the antennse shown in the first example are entirely aV)- 
sent in this one, and the first two segments of the abdomen, 
although present, are so crushed and folded as to be practically 
useless except to prove their existence. The other four segments 
are fairly preserved, and the central spine of the telson and right 
side of the flap are also tolerably well represented ; while parts of 
several of the ambulatory feet can be detected at points in the 
rock. 

No marked variation from the typical specimen can be found 
on this second example. The central or median ridge of the car- 
apace is well marked, and the two halves are slightly disconnected 
along the posterior portion of its length ; while the lateral ridge, or 
carination, shown on the type, is strongly marked on the left side 
of the present one, and appeal's as an elevated line, like a line of 
suture. There is also an area of depression extending from the 

* Figures of this and several other crustaceous fossils were distrib- 
uted on an albertype plate, with copies of the descriptions, extracted 
from the Amer, Jour. Sn., early in 1881, to the number of mO. copies. 
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anterior margin, at the jwint of tlie lateral angulation, backwaixi 
to the median line, at about half the length of the carapace, form- 
ing a large Y-shaped depressed area over this part of the surface. 
The ornamentation has been only pustules and pits on the cara- 
pace and segments. 

This specimen is said by \)v. A. S. Tiffany to have been found 
in the Kinderhook group at Kaskade, three miles west from the 
court house at Burlington, Iowa, in a forty foot bed of clay shale 
containing many tiodules or concretions, one of which this has 
occupied. The tyjKi example of the genus and species alwve men- 
tioned was found in a concretion, from the Erie shale at Leroy, 
Lake Co. , Ohio, which is probably of the horizon of the (^hemung 
group of New York, though this is not entirely settled. 



PHYSICS OF MOUNTAIN BUILDING; SOME FU >4- 

DAMENTAL CONCEPTIONS. 

T. Mellard Reade, CE. F. G. S., Park Comer, BhindeUHands, Eng. 

One of the most freciuently urged objections against the theory of 
mountain evolution with which m\' name is associated* is its sup- 
posed inadecjuacy to the production of. the requisite lateral pres- 
sure. I hope to be able to show that much of this criticism is 
founded upon misapprehension ; that it in fact gives more play in 
this direction than any other theory consistent with geological 
facts, at present in the field. 

The fundamental idea underlying all these theories, and there 
are really very few of them, is that our globe is a cooling spheroid. 
It arises from this, that orographic changes can only occur from 
actual loss of heat by a part of the spheroid, or by redistribution 
of heat and pressure relative or absolute. These principles will 
become more obvious as we proceed in our inquiry. 

Changes directly brought about by actual loss of heat, or what 
is culled secular cooling, have formed the ba.sis of a theory that 
has held the field for a very long time, and when we do not in- 
([uire too closely into the reasoning ui>on which it is foundeil, or 
indulge in (quantitative investigation, it meets some of the first 
ti priori conceptions of the sort of an agent required to effwt the 
gigantic con'ugations seen in some of the worlds mountain chains. 
It has the merit of being a simi>le idea easily grasped, and the 

*Origin of Mountain Kanires. 
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postulates granted, capable of doing an immense amount of work. 
The conception is now pretty general h' recognized as founded on 
a fallacy, for the nucleus of the spheroid is not cooling, but only 
the outer rind to a very small depth while the shell itself is circum- 
ferentially contracting, except at the actual surface. The result 
^being.as I was the first to point out, that a much less thickness of 
the cnist than was generally supposed is in compression. All this 
is matter of recent scientific histoiyt but for the further elucida- 
tion of the position T have taken up in my **Origin of Mountain 
Ranges.' 1 i)urpose showing that the secular contraction principle 
will only act as a mountain building agent — granting all the im- 
possible postulates recpiired for it — by an expenditure of heat 
and therefore initial energy out of all proiX)rtion to the work 
•to be done. 

In order to illustrate my meaning and to get the conception 
well into the minds of mv readers, I will assume a hard crust 
forming a shell 20 miles thick of equal temperature throughout, 
resting uix)n a heated nucleus such as we suppose obtains at pres- 
ent in our globe. Assume that this nucleus, cooling only on the 
outer surface to a depth of a few hundred miles, loses sufficient 
heat without in any way changing the temperature of the enclos- 
ing shell, to produce a contraction of 550 feet of a radial bar cut 
out of the nucleus, then in consequence of the principle of cubical 
contraction the radius of the earth would be reduced by three 
times this amount or 550 x«J = 1^550 feet.J The hard shell un- - 
changed in dimensions would have to fit itself to the reduced nu- 
cleus either by thickening or by corrugation. Let us assume the 
adjustment takes place ])y corrugation, then we shall have 
n)50x 0. 28 or 10,^502 feet of surplus circumference to dispose of 
in folds measured in any direction over a great circle of the globe. 

I have chosen the figure 550 for the purpose of easy compari- 
son because that is the amount of linear vertical expansion that 
would take place in a crust 20 miles thick as assumed in our ex- 
ample^ raised 1000° Fahr. and is therefore an eciuivalent amount 

'^Origiu of Mountain RaDges, Chap. xi. 

tSee Smithsonian Report. Record of Science for 1887 and 1888. 
McGee p. 240. 

JThis is not obvious at first sight, but it arises from the circumferen- 
tial strr-tching of the cooling outer layer over the uncooled portion of 
the nucleus. 

§2.75 feet per mile per 100 Fahr. 
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to the heat lost to produce 550 feet linear radial contraction in 
a cooling globe. 

Let us now examine the potency of the opposite principle of 
expansion which lies at the foundation of my theory. I have 
shown that if 10 miles of sediment were laid down on the crust 
of the earth, the underlying strata would be raised 1000° Fahr. 
in temperature by the rising of the isogeotherms, and the bottom 
layers of sediment to the same temperature gradually shading otf 
to the normal at the surface. I have taken 20 miles in thickness 
of the under crust and overlying sediment combined raised 1000° 
Fahr. as representing my conception of the heating that would 
take place under the assumed conditions. 

I must also ask my readers, to assume that instead of the heat 
being lost, equal to the production of such a contraction of the . 
earth it is, by some non-conducting covering over the whole earth 
prevented from escaping into space. Unaer these conditions the 
heat from the nucleus would flow into the assumed shell 20 miles 
thick, until the temperature of the shell and the nucleus became 
equalized. Let us now consider what would be the effect on this 
shell when it was raised 1000° Fahr. in temperature, intercepting 
the precise amount of heat lost into space in the previous example. 

It is evident, firstly, that if the co-efficient of expansion were 
the same at all temperatures in the shell as in the cooling mass it 
envelopes, the radius of the globe would remain the same, if we 
consider the radius as measured to the mean of the irregularities, 
of the surface which would certainly come into being. 

Secondly, though the cubic contents of the globe would remain 
precisely the same, the redistribution of heat within the mass would 
produce certain stresses and strains which we may ea^sily picture 
to ourselves. The shell 20 miles thick, if it were possible for it 
to receive this accession of heat and sustain itself as a spheroidal 
shell, would increase in diameter. Taking the mean diameter of 
the earth, considered as a sphere at 7912.41 miles,* and the ex- 
pansion 2.75 feet per mile per 100° Fahr., the mean diameter of 
the spherical shell would be increased 7912.41x27.5 = 217,591 
feet=41.2 miles. But it is evident that this could not happen, 
but that the shell must adapt itself to the nucleus, so leaving out 
of account for the present the contraction of the nucleus, which 
would be the same as in the first example, there will be a surplus 

♦Ilerschel. Outlines of Astronomy. 
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of 129.868 miles over every great circle of the sphere to clisix)se ' 

of in folds. 

Thus we see plainly that with the same loss of energy by the 

nucleus, very different effects are produced ; the interception of 
the heat otherwise radiated into space, would provide lateral pres- i 
sure by expansion compared to lateral pressure by secular cool- 
ing in the proportion of 129.368 to 1.96, or in round figures 
66 times as much. It is worth noting that any effect in corrugat- 
ing the 20 miles shell produced by contraction in the first example 
would add to and intensify the effect in tbe second example. 

These two comparisons are given merely as extreme illustra- 
tions to enable others to grasp the essential difference between 
expansion and secular contraction as mountain building agents — 
neither case is reproduced in nature, but both partially so. In 
place of the absolute .non-conductor assumed to envelope the 
globe in the last example, put sedimentary deposits over a portion 
of it. Under these portions a re-distribution of heat occui-s in 
precisely the same manner, though in less degree than in our ex- 
ample, for the sediments do not stop all the heat — only a portion 
thereof. The globe goes on losing heat as before, but much less 
under the sedimentary areas than where denudation is taking 
place, or where the condition of the crust is completely stationary, 
like in the non-sedimentary depths of the great oceans. It is to 
the relative distribution of heat in the earth and its crust that we 
must look for our mountain building agents and for the re<iuisite 
stresses and strains. Some physicists, by a confusion of ideas, 
have supposed, that because there is no actual increase of heat 
under a sedimentary area simply through the raising of the iso- 
geotherms, no mountain building can in this way take place. If 
the idea had been properly thought out the fallacy would readil}' 
have been detected. 

I have dealt with this fundamental idea of the expansion of 
the crust through the interception of heat that would otherwise 
be wasted into space because it underlies my theory of mountain 
formation. I trust my readers will not therefore take this part 
for the whole of the theory for the rising of the isogeotherms is 
the initiaton/ precedent condition only. 

I have described fully in my Origin of Mountain Ranges and 
in the outline of my "Theory of the Origin of Mountain Ranges 
l)y cumulative recurrent expansion" published in this magazine 
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Nov. 2, 1801,* the manner in which the internal forces of the 
earth are thus unlocked. 

When we come to test physical theories b}* geological facts it 
is impossible to ignore the intimate relation that exists between 
sedimentation and mountain formation. It is quite unnecessary' 
for me to dwell upon this in an American publication, for it is to 
the lasting credit of American geologists that the}' were the first 
to establish the fact, and no theory which does not take it into 
account as a first prhwlplt will ever l>e likely to establish itself 
as a reasonable explanation. This has l>een seen by many 
and from the time of Sir John Herschel down to the present, 
loading by sedimentation and unloading by denudation have been 
considered more or less a vera causa. It does not need deep 
thinking however* to see that this can be but a partial explanation. 
Tt is a machinery that must in the absence of some other opposite 
force evidentlv come to an end — it must run dotrn. Some of the 
geologists of the Indian Sur^'ey account for the supposed con- 
tinued rising of the Himalayas in a similar way by the denudation 
of* the mountains and the laving down of sediment on their 
flanks and on the Gangetic plain. At the best, whatever value we 
may be inclined to attach to the explanation, the Himalayas can- 
not have oriyinated in this manner. It is not a theory of ^ ^origin'' 
but of ^'^maintenance' and the lateral pressure that it provides, 
is, compared with any form of the contraction or expansion 
theories, almost zero. 

Mr. Fisher has lately introduced the conception of a fluid zone 
subject to convection currents. These convection currents flow- 
ing from under the crust under the great oceans are supposed to 
drag the crust towards the continents and to produce lateral pres- 
sure and mountain folding on their margins. (Jranting all the 
hypothetical conditions required — and this is granting a 
great deal — it is difficult to conceive how convection currents 
which can only originate from differences of specific gravity in 
the fluid itself, due to diflferences of temperature, could produce 
the necessary force, and still less, act continuously in certain 
directions through all the great time occupied in the building of 
a mountain range. A mountain range is too permanent a feature 
of the earth's surface to have originated or been maintained in 
this manner. 
♦Originally published in the Phil. Mag. 
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But perhaps T am unable to do justice to Mr. Fisher's views as 
1 feel insurmountable difficulties in looking at the problem from 
his standpoint. 

We have now almost exhausted the catalogue of initiatory 
compressive agents invoked by various authors for the production 
of mountain ranges. It remains to consider a final one, namely, the 
intriision of molten matter into the cnist, and the detrusion and 
throwing back of the upper strata due to the forcing up of tongues 
or folds of the strata below. These agents can, however, be only 
secondary effects of expansion or compression, not initiatory 
forces. Nevertheless they plaj' a very important part in the fold- 
ing and building up of a mountain range which I have explained 
very fully in the **Origin of Mountain Ranges.'" 

1 trust I have now said enough to show that simple expansion 
by increase of temperature is by far the most potent of any 
known cause in the production of lateral pressure in the earth's 
crust. If to this we add recurrent expansion and the other 
agencies T have endeavored to show from geological and physi- 
cal data are concerned in the building of a mountain range, 'we 
arrive at a satisfactory solution of the great problem of the fold- 
i«g and elevation of mountain chains. 

Jan. IS, 1892. 

NOTE ON THE OCCURRENCE OF ERRATIC CAM- 
BRIAN KOSSILS IN THE NEOCENE GRAV- 
ELS OF THE ISLAND OF MARTHA'S 

VINEYARD. 

By J. B. WooDwouTH, Sotnervllh*. Muhh. 

• In the course of an examination of the dislocated Neocene* strata 
of the island of Martha's Vineyard, carried on under the supervision 
of Prof. N. S. Shaler, for the! '. S. Geological Survey, during the 
summei's of 1889 and 1890, I collected a number of chert peb- 
bles from the white quartz gravel or "osseous conglomerate" of 
Gay Head, and from an outcrop of the same age in the village of 
West Tisbury. Several of these specimens proved to be fossilif- 
erous: one from the localitv in West Tisburv contains a fossil 
which, on close examination, is seen to be the zoanthanan coral, 
EthmophtjUxnn^ Meek, of the Lower Cambrian. 

♦Neocene is here used to designate the Miocene strata of Gay Head. 
See 10th annual Rept. U. S. Geol. Survey, p. 65. 
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The accompanying diagram. Fig. 1, represents a cross section 
of the coral, the outer wall, where wanting, being indicated by 
the dotted line. The fragment found is (5 mm. in diameter. Fig. 
2 represents a longitudinal section of the inner jioriferons 
structure. 

This form bears a close resemblance to Ethmophyllnm w/iitneyiy 
Meek,* except that the radiating septa meet the outer wall 4it a 
much less distance than in the figured specimens of this sj)ecies. 
The number of septa is about the same, being at least 3G. Some 



Fni. 1 la drawn twice the diaiiu't«*r. 

Fig. 2i8 about Ave tiinon an lar^o as 
an original nection. 

¥ui. 1. Fio. 2. 

doubt is entertained as to the exact equivalency' of the numljer by 
reason of the partial loss of the outer wall and some of the septa 
in the specimen. 

The pebbles of chert from the osseous conglomerate at Gay 
Head show less clearl}- their organic contents, but coralline struc- 
ture has been detected in a number of pebbles. Those contain- 
ing fossils Are of dark blue, almost black chert, are more or less 
rounded, smoothened and polished, and range in .diameter from 
half an inch to pieces two or three times this size. 

Ovcurrencf: of the Pehhlen: These fossiliferous pebbles have so 
far l)een found by me only in the Neocene beds can*ying the 
remains of Cetaceie and sharks, and in the base of the overlying 
greensand in the places where the osseous conglomerate was par- 
tially or wholly reorganized in the deposition of the greensand. 
At Gay Head, the osseous conglomerate is on the average about 
one foot thick, but in West Tisbury it attains a thickness 
of at least two, and in some places, three feet, being apparently 
the fossiliferous upper portion of tiie white sands and clays which 
were deposited upon the plant-l>earing Cretaceous beds descril>ed 
by Mr. C. D. AVhite.t The number of these chert pebbles in the 
Neocene gravel ])eds is relatively small, the m^iss of the deposit 
being composed of quartz of vein origin. In the iiny Head sec- 

*C. D. Walcott: 10th Annual Kept. U. S. G. S., p. 601, pi. LV. 

tOn Cretaceous Plants from Marthirs Vinevard, Auu Jour. Sri., (Ill) 
xxxTx, 1890, pp. 93-101. 
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tiou, perhaps one per cent, of the pebbles in the osseous con- 
glomerate are of chert. 

Immediate origin of the Chert: The immediate source of these 
fossiliferous Cambrian pebbles is apparently to be found in the 
coarse sands and gravels underlying the Neocene formations. 
The age of these beds has not yet been definitely settled : They 
lie, unconformably, by slight erosion of their upper surface, 
below the marine Neocene or osseous conglomerate, and they 
overlie, without recognizable unconformity, the plant bearing 
Cretaceous beds which include the (Jay Head lignites. On 
Account of this apparent continuity of deposition succeeding the 
Cretaceous beds, the sands and gravels may tentatively be con- 
sidered of the same age. No fossiliferous pebbles have as 3'et been 
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Fig. 8. Correlation (*ectioii of tlu* Htrntii involvod in tlie Gay lleud diKlocution, show- 
ing poHition of o;<Meou8 conglomerate, and CretaceonH grovels. 

found in the exposures of these Cretaceous sands and gravels, 
although they are probably present in these beds, as is shown by 
the consifleration of the origin of the detritus in the osseous 
•conglomerate. 

The detritus of the osseous conglomerate appears to have been 
derived as follows: Sometime after the de^wsition of the Creta- 
ceous sands, clays and gravels, the surface of this formation was 
exposed to ablation in a manner to assort out and carry further 
down the coastal slope much of the finer material, lea^^ng behind 
after a short carriage, a stratum of coarse gravel of the thickness 
previously described. That this quartz pebble conglomerate at the 
base of the identified Neocene was derived from the underlying Cre- 
taceous beds by a sifting process like that just appealed to, and not 
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by the erosion and deposition of fresh detritus from the granites 
gneisses, sandstones and other clastic rocks of the mainland, is 
shown by the fact that no decomposable rocks of feldspathic com- 
position exist in the stratum. This view of the origin of some 
of the Tertiary and perhaps earlier Pleistocene gravels of New 
Jersey and Long Island has been advanced by Mr. N. L. Britton * 

It is possible to trace the quaitz pebbles and associated cherts 
to a previous c^'cle of deposition, in which, before the making of 
the Cretaceous beds, the quartz pebbles with the cherts composed 
the finer, quartzose conglomerates of the middle and lower por- 
tions of the Narragansett coal basin. In the coal bearing section 
of these rocks, there occur numerous beds which, but for their 
consolidation and black color, closely resemble the Martha s 
Vinej'ard gravels, the thickness of which is explained b\' the 
extensive erosion of these antecedent Carboniferous beds. 

Orlfjuml soun-r of the Cherts: The vein quartz in the Carbon- 
iferous appears originally to have come from the disintegration of 
a terrane thickly set with quartz veins, as Britton has suggested in 
the case of similar quartz pebbles in the coast plain of New Jer- 
sey; but the fossiliferous chert pebbles with identifiable fossils 
clearly point to a more definite association of rocks. Cherts 
naturally associate themselves with limestones, though rarely with 
sandstones, as in the Oriskany, and with shales; but the occur- 
rence of chert pebbles in the lower Cambrian, siliceous limestones 
of Nahant, makes it seem probable that the Martha's Vineyard 
cherts were also derived from a calcareous section of the Olenellus 
Cambrian. As yet the nodules of the Nahant horizon have not been 
siiown to carry Ethmophyllum and its congeners, yet Louis Agassiz, t 
in 185(1, reported finding in them the structure of an Astrewn. 

The locality of lower Cambrian nearest to Gay Head -is that of 
the red shales of North Attlel3oro. t a distance of fiftv miles, but 
no nodules have been observed in the Attleboro section. That 
there is in the southern coast of Massachusetts or Rhode Island 
the seat of an extensive Cambrian section now concealed or 
removed b}' erosion, is shown by the abundant fragments of Cam- 
brian (puirtzites found in the coarser conglomerates of the Car- 

♦Ainerican Naturalist, 1875, XXIII, p. 1033. 

+L. Agassiz: Prot!. Am. Acad, II, p. 270; also Proc. Boston Sw. Nat. 
Hist., Ill, 1). 341, 1850. 

JN. S. Shaler: On the geology of the Catnbriaa district of Hristol 
Co., Mass. IJullotin Mus. (Jorap. Zool., xvr, 1888, p. 13. 
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boniferous, particularly on the southern border. These pebbles 
carry Lingulai worm burrows, and more rarely pteropod casts. 
They have been found at Dighton,* Mass., in the Newport con- 
glomerate by Dalejt I have found Liugulae in a quartzitc pebl)le 
in the red Carboniferous rocks of Attleboro, and thev occur in the 
glacial drift on Gray Head, Martha's Vinej-ard, and Nantucket in 
great abuntlance. These quartzite pebbles, however, do not occiir 
in the Neocene gravels, their absence being apparently due to the 
relative ease with which their friable material has been reduced 
to sand in the repeated migrations of detritus which have deter- 
mined the nature of the Neocene gravels. 

The finding of these chert pebbles adds nothing to the evidence 
concerning the probable extent of Cambrian deposits in this part 
of the state at some time in the past, unless it be to indicate that 
we have to look for an extension of the Calcareous series which 
outcrops near Cape Ann, J at Nahant, and on Mill River, in Wey- 
mouth. I The general trend of this formation in the direction in 
which we should expect to find the source of the chert pebbles is 
an incentive to more careful search, which it is the object of this 
paper to foster by calling attention to these less easily seen traces 
of the Cambrian sediments and fauna. 

T am indebted to professor Shaler for kind permission to publish 
the notes concerning this collection of fossiliferous pebbles. 



ISOBASES OF POST-GLACIAL ELEVATION. 

By Baron (Gerard de (yker, Stockholm, Swt*(len« 

After the session of the International Congress of Geologists, 
last summer, in Washington, I made a journey of two months 
along the coasts of New England and Canada and inland along 
the 8t. Lawrence and Ottawa valley's, with the principal purpose 
of determining the limit of the Champlain submergence and the 
amount of the subsequent post-glacial elevation. The following 
is a brief outline of the results obtained: 

Traces of sea action and marine deposits of Pleistocene age 

*W. B. Kogera: Proc. BostOQ Soc. Nat Hist., 1860, Vol. VII, pp. 
389-01; W. W. Dodge, ibid, Vol XVII, p. 406. 

tT. N. Dale: Proc. Newport Nat. Hist. Soc , 1884-5, Doc. 3, p. 9. 

JJohn H. Sears: BuUetia, E3se.\ Institute. XXIII, pp. 12-16, 1891. 

SAug. F. Foerste: Proc. Bostou Soc. Nat. Hist., XXIV, pp. 361-263: 1889, 
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-above the present sea level were found only north and northwest 
of a line drawn from some point probably a little north of New 
York city to another between cape Cod and Boston and through 
Nova Scotia. In the northwestern part of Nova Scotia the limit 
of the uplifted marine deposits was found at a height of only 
about forty feet. Starting from this line the marine limit grad- 
ually rises toward the northwest, so that another line, called an 
isobase, drawn through points which have been upheaved 300 
feet, passes probably from near Niagara falls by Albany, N. Y., 
and Augusta, Maine, to Moncton, N. B., whence it turns back- 
ward, running northwesterly and northerly, crossing the St. Law- 
rence estuary about half way ])etween cape Gaspe and tlie 
Saguenay. 

The 600-ft. isobase is probably to be drawn from Georgian bay 
past the outlet of lake Ontario, through the southern part of the 
Adirondacks, and thence east- northeast nearlj' to Moosehead lake. 
Here it makes an abrupt bend to the north and west, similar with 
the loop of the 300-feet isobase at Moncton, and runs first west- 
ward to some point not far from Three Rivers, and thence, turn- 
ing again northeastward, it passes along the north shore of the 
St. Lawrence estuary. The highest directly determined point 
of the former shore line of the submerged area was near Ot- 
tawa, somewhat more than 700 feet above the sea level. 

On the northern slope of the Adirondacks a gravel and sand 
deposit was found, which was evidently formed by a glacial river 
that probably owed its origin to the outlet of lake Irocjuois, when 
that glacial lake had sunk from its highest stage and wiis drained 
between the Adirondacks and the shrinking land-ice. The level 
of the marine limit in the neighborhood shows that the iK)st-glacial 
elevation there has been no more than three- fourths of the hight 
of the Iroquois beach. 

When the ice-barrier of lake Iroquois was removed, it seems 
that the sea must have extended from the prolonged gulf of St. 
Lawrence by one branch into the Ontario basin; by another 
through the Ottawa valley and Lake Nipissing into lake Huron, 
unless that pass was still occupied by the land-ice; and by a third 
branch through lake Champlain down to New York, thus probably 
forming a strait in the Hudson valley. 

The scarcitv or absence of marine fossils in these branches or 
inlets of the sea is closely analogous with the conditions of the 
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much larger, brackish Baltic sea at the time of departure of the 
Scandinavian ice-sheet and also at the present day. 

As to the extent and geological nature of the uplift, there is a 
very close resemblance between the conditions in North America 
and Scandinavia. In each country the maximum upheaval has 
taken place in the center of the old Archaean area of denudation 
which forms the nucleus of the continent, and at the same time is 
the tract where the load of the land-ice was heaviest. The 
amount of the upheaval and the ice- load decreased in the same 
directions. Thus the upheaval of the gulf of St. Lawrence was 
less than of the adjoining tracts on the south and north; and 
this accords with the observations of Mr. Chalmers, who has 
shown that the land- ice moved from all sides toward this depres- 
sion, gradually thinning out there. 

It is also to be remarked that the lx)undary of the uplifted area 
is prettj' nearly coincident with the limit of the last glaciation. 



BIBLIOGRAPHY OF NORTH AMERICAN VERTE- 
BRATE PALiCONTOLOGY FOR THE 

YEAR 1891. 

By John Everman, Easton, Pa. 
Vertebrate Palaeontology has lost one of its most eminent work- 
ers and authorities in the death of Joseph Leidy, M. D., LL. D. 
For the past forty years Dr. Leidy's papers on this subject aver- 
aged about six a year, many of these papers being memoirs of 
more than a hundred pages. Many tributes to his memorj' have 
been written, but the writer calls particular attention to the arti- 
cles })y Dr. Henry C. Chapman (Proc. Acad. Nat. Sci., 1891, pt. 
11, pp. 842-388), Dr. Harrison Allen (< 'Professor Joseph Leidy: 
His Laboi-s in the field of Vertebrate Anatomy,'" Science 18, Nov. 
1 H, p. 274) and No. 26 of this Bibliography. ^ 

a. Ami, H. M. See Cope No. e. 

b. Ami, H. M. — See Cope No. f. 

1. Barbour, E. H.— Remams of the Primitive Elephant 
found in (rrinnell, la., Science, 16, Nov. 7, 1890, p. 268. 

2. Baur, 6. — Notes on some little known American fossil 
Tortoises. Proc. Acad. Nat. Sei., 1891, pp. 411-480. 

3. Baur, 6. — On the Characters and Systematic Position of 
the Large Sea-Lizards, Mosasauridae. Science, 16, Nov. 7, 1890, 
pp. 262. 
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4. Baur, 6. — On Intercalation of Vertebrae. Jour. Morph. 
4., Jan., pp. 831-886. 

5. Baur, 6. — On the Relations of Carettochelys, Ramsay. 
Am. Nat., 25, July, pp. 031-639, partly pah 

6. Baur, 6. — Remarks on Reptiles generally calle<i Dinosau- 
ria. Am. Nat. , 25, May, pp. 434-454. 

c. Baur, 6. — Remarks on Reptiles generally called Dinos- 
auria. Review in Am. Geol., 8, July, p. 55. 

7. Baur, 6. — The Horned Saurians of the Laramie Forma- 
tion. Science 17, April 17, pp. 216-217. 

8. Baur, 6. — The Pelvis of the Testudinata ; with Notes on 
the p]volution of the Pelvis in General. Jour. Morph. , 4, Jan. , 
pp. 345-360; ill. 

d. Cannon, Jr., 6. L. — Identification of a Dinosaur from 
the Denver Group. Proc. Colo. Sci. Soc, Vol. Ill, 1890, p. 
253. A short note. 

9. Clark, W. (Berea, Ohio.) — Announcement of Discovery of 
Fossil Fish in Ohio. (J. K.) Am. Geol. 7, Feb., pp. 143-144. 

10. Claypole, E. W. — Mcgalonyx in Holmes county, Ohio, 
18J)0. Am. Geol., 7, Feb., pp.1 22-1 32. Id. 7, March, pp. 145- 
141). 

e. Cope, E. D. — Extinct Canadian Vertebrata from the Mio- 
cene rocks of the Northwest Territories of Canada. Abstract of 
No. 17 by Henry M. Ami. Ottawa Nat. V., No. 4, July, pp. 
74-77. 

f. Cope, E. D. — On some Extinct Vertebrata from the Mio- 
cene rocks of the Northwest Territories of Canada, recentlv de- 
scribed by Professor Cope. Abstract of No. 17 by H^nry M. 
Ami. Science 18, July, p. 53. 

11. Cope, E. D. — On a New Horizon of Fossil Fishes. Read 
before A. A. A. S., 1891. 

12. Cope, E. D. — On a Skull of Equus Excelsus Leidy, from 
the Equus beds of Texas. .\m. Nat., 25, Octo., pp. 912-913. 

13. Cope, E. D. — On Some New Fishes from South Da- 
kota. Describing three new genera and five new species from the 
White River Neocene of Ree Hills. Am. Nat, 25, July, 1891, 
pp. 654-(i58. 

14. Cope, E. D. — On the characters of some Palaeozoic 
Fishes. Proc. V. S. National Museum, Vol. XIV, pp. 447-463; 
ill. 1. On a new Elasmobranch from the Permian. II. On 
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new Ichthyodorulites. III. On the Cranial Structure of Macro- 
petalichthys. lY. On the pectoral limb of the genus Holonema, 
Newberry. V. On the Paired fins of Megalichthys nitidus, Cope. 
YI. On new species of Platysomidae. 

g. Cope, E. D. — On the Cranial* Characters of Equus excel- 
sus Leidv, Abstract in Am. Geol. 8, Oct., 231-282. Read be- 
fore A. A. A. 8., 1891. 

15. Cope, E. D. — On the Non-Actinopterygian Teleostomi. 
Am. Nat. 25, Mav, 479-481. 

IG. Cope, E. D. — On Two New Perissodactyles from the 
White River Neocene of Nebraska. Am. Nat. 25, Jan. 47- 
40. 

17. Cope, E. D. — On Vertebrata from the Tertiary and Cre- 
taceous Rocks of the North-West Territor}'. I. The Species 
from the Oligocene or Lower Miocene be<ls of the Cypress Hills. 
(Jeol. Sur. of Canada in (quarto), pp. 1-25; ill. 

h. Cope, E. D. — On the Vertebrata from the Tertiary and 
Cretaceous Rocks of the North-West Territory of Canada. Re- 
view in Am. Geol. 8, Nov. p. 326. 

IS. Cope, E. D. — The California Cave Bear. Am. Nat. 25, 
Nov. pp. 997-999, ill. 

19. Cope, E. D, — Litoptema. Am. Nat. 25, Aug. pp. 085- 

«>98 ; ill. 

2(1. Crag^in, F. W. — New Observations on the Genus Trina- 

•cromerum. Am. Geol, 8, Sept. pp. 171-174. 

21. Dall, W. H. — Age of the Peace Creek Bone-Beds of 
Florida. Biol. Soc. Wash. March, 1891. 

i. Dall, W. H. — Age of the Peace Creek Bone-Beds of Flor- 
ida. Abstract in Am. Nat. 25, April, pp. 400-401. 

j. Dawson, J. W. — Mode of Occurrence of Remains of 
Land Animals in Erect Trees of the Coal Formation. Trans. 
Roy. Soc. Can. 1891 (issued 1892). 

22. Dawson, J, W. — Note on Hylonomus lyelli. Geol. 
Mag. Ill, 8, June, p. 258. 

23. Dawson, J. W.— On DemlrerpHnn acadianum and other 
Carboniferous amphibians. Geol. Mag. iii, 8, April, 145-155. 

24. Earle, C. — On a New Species of Palwosyops. Am. Nat. 
25, Jan. pp, 45-47; ill. 

25. Earle, C. — Palajosyops and allied Genera. Proc. Acad. 
Nat. Sci. 1891, pp. 106-117: ill. 
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k. Earle, C. — Pala?osyops and allied Genera. Review in 
Am. Geol. 7, June, pp. 381-382. 

26. Eyerman, J. — A Catalogue of the Palseoutological Pub- 
lications of Joseph Leidy, M. D., LL.D. Am. (leol. 8, Nov.. 
pp. 333-342. 

27. Eyerman, J. — Bibliography of North American Verte- 
brate Palaeontology for the year 1890. .Am. (leol. 7, April, pp. 
231-238. 

28. Eyerman, J. — Discovery of Mastodon Remains in the 
Shenandoah Valley. Note in Am. Geol. 7, May, p. 335. 

29. Felix, J. — Cretaceous Fishes from Mexico. — Palaeonto- 
graphica, 37, pp. 189-194. 

1. Felix, J. — Cretaceous Fishes from Mexico. Review in 
Geol. Mag. in, 8, Nov. p. 514. 

30. Kost, J. — Mastodons and other mammals from the chan- 
nel of the Ichetucknee Riveli*, Florida. Note. Am. Geol. 8. 
Sept., p. 101. 

31. Lucas, F. A. — Anatomy of Heaperornis. Biol. Soc. 
Wash. March, 1891. 

m. Lucas, F. A. — Anatomy of Hespcrornis. Abstract in 
Am. Nat. 25, April, p. 401. 

32. Lucas, F. A. — A Specimen of Blstm hnl/roHs from 
Florida. Biol. Soc. Wash. March, 1891. 

33. Marsh, 0. C. — A Horned Artiodactyle from the Miocene 
Am. J. ScL, 51, Jan., p. 81. 

34. Marsh, 0* C. — (fcological Horizons lus determined by 
Vertebrate Fossils. Am. J. Sci. 52, Octo., pp. 336-338, ill. 

35. Marsh, 0* C. — Notes on Mesozoic Mammalia. Am. 
Nat. 25, July, pp. ()11-()16. 

n. Marsh, 0* C. — Notes on Mesozoic Mammalia. Proc. 
Acad. Nat. Sci. 1891, pp. 237-241. 

36. Marsh, 0. C. — Notice of New Vertebrate Fossils. Am. 
J. Sci. 52, Sept., pp. 265-269. 

37. Marsh, 0. C. — On the Cretaceous Mammals of North 
America. Brit. Assn. Rept. 1890, p. 853. 

o. Marsh, 0. C. — On the Gigantic Ceratopsida? (or Horne<l 
Dinosaurs) of North America. Brit. Assn. Rept. 1899. p. 
793. 

38. Marsh, 0. C. — Restoration of Stegosaurus. Am. J. Sei. 
52, Aug., pp. 179-181: ill. 
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p. Marsh, 0. C. — ^Restoration of Stegosaiirus. Geol. Mag. 
Ill, 8, Sept., pp. 885-387; ill. 

q. Marsh, 0. C. — Restoration of Triceratops. Geol. Mag. 
Ill, 8, June, pp. 248-249; ill. 

39. Marsh, 0. C. — Restoration of Triceratops. Am. J. Sci. 
51, March, pp. 339-342; ill. 

40. Marsh, 0. C. — The Gigantic Ceratopsicla?, or Horned 
Dinosaurs of North America. Am. J. Sci., 51, Feb., pp. 167- 
178; ill. 

r. Marsh, 0. C. — The Gigantic Ceratopsida?. Geol. Mag., 
III. 8, May, pp. 193-198; id. June, pp. 241-247; ill. 

41 . Matthew, G. F. — Fish Remains in the Lower Helder- 
berg of New Brunswick. Note. Am. Geol. , 8, July, p. 62. 

42. Moore, J. — A recent Find of Musk-Ox remains in 
Indiana. Indiana Acad. Sci., Dec, 1890. 

43. Moore, J« — Concerning some portions of Castoroides 
ohioensis not heretofore known. Proc. A. A. A. S. ,1890. Ab- 
stract p. 265. 

44. Orton, E. — Megalom'x jeffersoni, Harlan. Com. to 
Geological Society, Wash., Dec, 1890, riW^ Claypole,E. W. No. 
10. 

45. Osborn, H. F. — A reply to Professor Mai-sh's "Note on 
Mesozoic Mammalia. " Am. Nat., 25. Sept., pp. 775-783. 

s. Osborn, H. F. — A Reply to Professor Marsh's '-Note on 
Mesozoic Mammalia." Read before A. A. A. S., 1891. 

40. . Osborn, H. F, — A Review of the Cretaceous Mammalia. 
Soc of Morph., Boston, Dec, 1890. 

t. Osborn, H. F. — A Review of the Cretaceous Mammalia. 
Proc Acad. Nat. Sci., 1890, pp. 124-135. 

47. Osborn, !!• F. — A Review of the Cretaceous Mammalian 
Fauna of North America. Biol. Soc, Wash., Feb., 1891. 

u. Osborn, H. F, — A Review of the Cretaceous Mammalian 
Fauna of North America. Abstract in Am. Nat., 25, March, pp. 
29S-299. 

48. Osborn. H. F. — A Review of the Discovery of Creta- 
tacoous Mammalia. Am. Nat., 25, July, pp. 595-610; ill, 

V. Osborn, H. F. — A Review of the Discovery of Creta- 
ceous Mammalia. Abstract Am. Nat., Jan., pp. 44-45. 

49. Osborn, H. F.— Meniscotheriidse and Chalicotherioidea 
Am. Nat, 25, Octo., pp. 911-912. 
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w. Osborn, H. F, — On the Molars of the Perissodact^la. 
Review of No. 43 (Am. Geo!., 7, p. 236, 1891 : also vide No. y of 
this catalogue) by Mr. Lydekker. Geol. Mag., Ill, 8. July, pp. 
317 321. 

50. Osborn, H. F. — Some Characteristics of the Primitive 
Vertebrate Brain. Amer. Morph. Soc. , Boston, Dec. 30, 1890, 

51. Panton, J. H. — The Mastodon and Mammoth in Onta- 
rio, Canada. Abstract in Geol. Mag., Ill, 8, Nov., p. 504. 

52. Safford, J. M. — Exhibition of certain bones of Megal- 
onyx, not before known. A. A. A. S., 1891. Abstract in Am. 
Geol. 8, Octo. p. 232, also note /i, Sept.. p. 193. 

53. Safford, J. M.— The Pelvis of the Megalonyx and the 
lot of uudescribed Bones, among which it is found from Big 
Bone Cave in Tennessee. Geol. Soc. Am. Aug., 1891. 

54. Scott, W. B. — On the Osteology of Mesohippus and 
Leptomeryx, with Observations on the Modes and Factors of 
Evolution in the Mammalia. Jour. Morph. v. No. 3, Dec, pp. 
301-406; ill. Issued Jan. 30, 1892. 

55. Scott, W. B. — On the Osteology of Poebrotherium, A 
Contribution to the Phylogeny of the Tylopoda. Jour. Morph. 
V, June, pp. 1-78; ill. 

X. Scott, W. B. — On the Osteology of Pwbrotherium. Re- 
view in Am. Geol. 8, Nov , p. 327. 

56. Scott, W. B. — The Princeton Scientific Expedition of 
1891. Princeton College Bull. , 1891, 4 pp. part geolog}'. 

y. Scott, W. B. and Osborn, H. F.— Preliminary account 
of the fossil mammals from the White River and Loup Fork 
formations, contained in the 3fuseum of Comparative ZoOlogj-, 
Vide No. 43 (Am. Geol. 7, p. 236, 1891). Review in Am. Geol. 
7, Feb., pp. 134-135. 

57. Shufeldt, R. W.— -A Study of the fossil Avifauna of the 
Silver Lake Region, Oregon. Read A. A. A. S. 1891. Abstract 
Am. Geol. 8, Octo., p. 235. 

58. Shufeldt, R. W.— Fossil Birds from the Equus Beds of 
Oregon. Am. Nat. 25, Sept., pp. 818-821. Describing fourteen 
new species. 

z. Shufeldt, R. W. — On a Collection of Fossil Birds from the 
Equus Beds of Oregon. Biol. Soc. Wash., March, 1891. 

aa. Shufeldt, R. W. — On a Collection of J'ossil Birds from 
the Equus Beds of Oregon. Am. Nat. 25, April, pp. 359-362. 
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59. Udden, J. A. — Megalonyx beds in .Kansas. Am. Geol. 
7, June, pp. 340-345; ill. 

bb. WalCOtt, C. D. — Discovery of Fish Remains in Lower 
Silurian Rocks. Notice by *^L. A." in Science, 17, Feb. 20. p. 
107. 

cc. WalCOtt, C. D, — Discovery of Lower Silurian Fishes. 
Notice in Creol. Mag., iii, 8, May, p. 240. 

dd. Walcott, C. D. — Id, Am. J. Sci., 51, March, p, 245. 

ee. Walcott, C. D. — Id. Km, Nat., 25, Feb., p. 137. 

60. Walcott, C. D*— The Lower Silurian (Ordovician) Ich- 
thyic Fauna audits Mode of Occurrence, (leol. Soc. Amer., 
Aug., 1891. 

ff. Walcott, C. D. — The Oldest Fish Remains known. Ed- 
itorial comment in Am. GeoL, 7, May, p. 329. 

61. Whitfield, R. P. — Mastodon Remains on New York 
Island. Science, 18, Dec. 18, p. 342. 

62. Williams, H. S* — On the Plates of Holonema rugosa. 
Abstlnct in Proc. A. A. A. S., 1890, p. 337. 

gg. Williston, S. W. — A Cimoliosaurus from the Niobrara 
Cretaceous of Kansas. Abstract in Am. Nat., 25, July, p. 653. 

63. Williston, S. W. — A new Plesiosaur from the Niobrara 
Cretaceous of Kansas. Kansas Acad. Sci., Nov., 1890, pp. 1-5. 

64. Williston, S« W. — Kansas Mosasaurs. Science, 18, 
Dec. 18, p. 345. 

65. Williston, S. W.— Structure of the Plesiosaurian Skull. 
Science, 16, Nov. 7, 1890, p. 262. 

^^. Williston, S. W.— The Skull and Hind Extremity of 
Pteranodon. Am. Nat., 25, Dec, pp. 1124-1126. 

67. Woodward, A. S. — Catalogue of the Fossil Fishes of the 
British Museum, part II, London. Des. of some Canadian species. 

List of New Forms, as Described in the Memoirs of the foregoing list: 

Allops croBfticornis Msh. *Brontotherium beds, So. Dak. t36 

Amia macrospondyla Cope. Oligocene, Canada, 17 

A, tohiteavesiana Cope. Oligocene, Canada, 17 

A, maconneUii Cope. Oligocene, Canada, 17 

AmmoBaurus gen. nov. Marsh. Triassic, Conn., 36 

AncJiisaurus coluruB Msh, Triassic, Conn., 3(> 

Anser eondoni Shuf. Equus beds, Pliocene, Oregon, 58 

Aquila pliogryphs Shuf. Equus beds, Oregon, 58 

'('Formation and locality. r -•• • ' »; '• 

IRefers to number in memoir. ■ * ' 
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A. Bodalis Shuf. 

Ardea paloccidentalis Shuf. 

Belonostomus ornatus Felix. 

Branta propinqtiu Cope. 

Brontopsvalidtis Msh. 

Cosnopus simplicidens Cope. 

Cimoliosaurus snowil Williston. 

GorruH anriectetis Shuf. 

CtenacanthuB arMyxiplnas Cope 

Fulica minor Shuf. 

Oephyi^ra gen. nov. Cope. 

G, eoncentrica Cope. 

Hyhodas regularis Cope. 

Lf/rus oregonus Shuf. 

L. robustua Shuf. 

Menodus peUoceraa Cope. 

Mioplosvs multidentatus Cope. 

Oligoplareh us squamipinnu. 

OUgoplarcJnut gen. nov. Cope. 

O. fiquamipinnis Cope. 

Otomitla gen. nov. Felix. 

0. specioaa Felix. 

Pftkeosyops megarhinfis Earle. 

P. minor Earle. 

P(daotetrix gillii S. 

PaUmtetrix gen. nov. Shuf. 

P. Gillii, Shuf. 

Pediocates lucasii Shuf. 

P. nanuft Shuf. 

Phivnico-pterus copci Shuf. 

PlcUynomuB lacorianus Cope. 

P. palrnaris Cope. 

Probidloatomus gen. nov. Cope. 

P. longuluM Cope. 

Protocems gen. nov. Msh. 

P. t'd^^r Msh. 

IViimifnteH r7ura% Cope. 

? SardiiiH* hhickburni Cope. 

ScoUcophagns affinis Shuf. 

Styptobasin gen. nov. Cope. 

S. Jcnighiiana Cope. 

Titanopn me^iius Msh. 

Toroitaurus gen. nov. Msh. 

T. gladiua Msh. 

T. latvs Msh. 

Triceratopa el at us Msh. 

Triffnu^' l^f^cvpufpniicns Cope. 
' • * • • • * • • 
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Cretaceous, Mexico, 29 

Equus beds, Oregon, 58 

Brontotherium beds, So. Dak., 36 

Neocene, Neb.. 16 

Niobrara Cret. Kansas, 63 

Equus beds, Oregon, 58 

Permian, Texas, 14 

Equus beds, Oregon, 58 

Neocene, So. Dak., 14 

Neocene, So. Dak., 14 

Triassic, Texas, 14 

Equus beds, Oregon, 58 

Equus beds, Oregon, 58 

Neocene, Neb., 16 

Neocene, So. Dak , 13 

Neocene, So. Dak., 13 

Neocene, So. Dak., 13 

Cretaceous, Mexico, 29 

Cretaceous, Mexico, 29 

Washakie Eocene, Wyoin*g 24 

Eocene, Wyoming, 25 

E(iuus beds, Oregon, 58 

Ecjuus beds, Oregon, 58 

Equus beds, Oregon, 58 

Equus beds, Oregon, 58 

Equus beds, Oregon, 58 
Coal Measures, Mazon Creek, 111., 14 

Permian, Indian Ter., 14 

Neocene, So. Dak., 13 

Neocene, So. Dak., 13 

Oreodon beds, Miocene, So. Dak , 33 

Oreodon beds. So. Dak., 33 

Oligocene, Canada, • 17 

Neocene, So. Dak., 13 

Eiiuus beds, Oregon, 58 

Permian, Neb., 14 

Permian, Neb., 14 

Brontotherium beds, So. Dak., 36 

Laramie, Wyoming, 86 

Laramie, Wyoming, 36 

Laramie, Wyoming, 36 
Ceriitops beds, Laramie,Wyoming, 36 

Oligocene, Canada, 17 
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OBSERVATIONS ON LLAMA REMAINS FROM COL- 
ORADO AND KANSAS. 

By F. W. CiiAuiN, Colorado Spriogs, Col. 

Restricting the genus, Aucheniuj to llama- like forms having the 
premolar formula f, and considering that the dentition of A. 
ralt/ornicfi (Leidy) is unknown, the transfer of A. hcstenut 
(Leidy) to the genus, Ilolomeniscus, which Cope* has suggested 
on the ground of the probable absence of Pm. 3,t has rendered 
it doubtful whether any of the west American Camduht belong 
to Auchnia proper. 

1 am indebted to Mr. II. C. Hills, for opportunity to study the 
remains of a cameloid form obtained bv him from volcanic ash- 
l)eds on a small tributary of the Huerfano river, in Huerfano 
count}', Colorado. These remains, which are now deposited in 
the cabinet of the Colorado Scientific Society- at Denver, include 
considerable portions of lx)th maxillaries and mandil)les and more 
or less perfect contained teeth, w^ith various other parts of the 
skeleton, and pertain to a true Andirnia, the molar dentition 
presenting the formula Pm. }, M. i. 

I was at first inclined to identify this Auchenia with A. Iiestenia 
Leidy; but geographical and some other considerations seem to 
render it more probal)le that Cope's identification of the maxillary 
in the Condon collection from the Oregon desert with that species 
is correct; and it is certain that that maxillary, as described, 
represents a different species from the Huerfano county Auchenia^ 
whether Co|k»'s inference of the absence of Pm. 3, and his con- 
sequent reference of the specimen to the genus, HoJomeniscus^ be 
justifiable or not. 

The Oregon desert maxillary is described as having the Pm. 4 
anteriorlv attenuated, and this to such an extent as to render it 
''almost certain that there was no third premolar in front of it.'' 
Tn the Huerfano specimen, there is a well developed two-rooted 
an tero-posteriorh* elongate Pm. 3, while the large three-rooted Pm.4 
is two-rooted anteriorh* and has its crown in the form of a (juadrate 
prism, the grinding surface presenting a single large crescentic la- 
cuna. Tn form, the third and fourth superior premolars thus have 
some general resemblance to those of Procamelns occidentaUs. 

♦E.xtinct Mammalia of the Valley of Mexico, p. 17. 

tinferred from the anteriorly attenuated Pm. 4 in a superior maxillary 
fragment from the Oregon desert, believed by Prof. Cope to pertain to 
heat e ma. 
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In the Oregon maxillary, the posterior palatal foramen * ^issues 
opposite the fourth premolar's internal root." In the Huerfano 
specimen, it opens opposite the anterior part of the posterior root 
of the first true molar, or opposite the middle of the molar. 

In comparing the Huerfano specimen with Leidy's type of A. 
hestema, it will be noticed that the fourth inferior premolar in the 
former is, relatively to the adjacent first molar, larger than in the 
latter, and that, in form, it more closely approximates a triangu- 
lar prism or wedge; features which are apparently' only in part 
due to the somewhat more worn condition of the premolar of the 
Huerfano specimen, by reason of which condition, however, the 
lacuna of the grinding-surface is closed instead of being open 
posteriorly as in hesterna. 

The strongly recun^ed posterior fifth lobe of the last upper 
molar, in the Huerfano specimen, is but moderately developed; 
for, though the tooth has reached a more advanced stage of wear 
than has the last lower molar of Leidy's type of hesterna, it does 
not contribute to the area of the grinding-surface, but becomes 
obsolete before reaching the plane of the latter. 

Whatever may be the final generic disposal of the Californian 
hestenia, and of the Oregon desert maxillary, the present speci- 
men is a true Aiichenia. It lacks, however, the * 'compression - 
folds" seen on the lower molars of recent llamas. Its size was 
closely approximate to that of (.''Jlolomentsrus) hesUrna, from 
which the available data indicate that it is probably distinct. The 
species may be known as Auchenia haerfanensis. 

I append the following meiisurements : 

Inchei*. 
Mandible, from Bjjrmphysis to posterior border (latter ( ^g 

taken at three inches below infra-condylar hook) \ " 

Elevation of summit of coronoid process above in- / <n 

ferior border of mandible ) 

Depth of mandible at postsvmphyseal constriction 1 .8 

Same at posterior edge of alveolus of first true molar. . 2.8 

Inferior post-canine diastema 3.8 

Antero-posterior diameter of grinding surface of sec- } g 

ond true molar ) 

Transverse diameter of same 1.125 

Antero-post. diam. grind'g surf, third true molar 1.5 

Transverse diameter of same 1.18 

Major diameter of acetabulum 2.75 

Minor diameter of acetabulum 2.5 

Breadth of cannon-bone at distal extremity 3.6 

Length of first phalanx 4.4 

Breadth of same at proximal extremity 1.62 

Breadth of same at distal extremity 1.25 



LJaiiia Bf^ntainM^ Colorado and Kan^ifn, — (ragln, 25 J)- 

Some eameloid remains obtained by Mr. E. D. Smith and the 
writer, from loess-marked volcanic ash-beds southwest of Meade 
Centre, Kansas, are also apparently referable to Auchenta kuer- 
fanensis. Most of these. Including a second or third lower molar,, 
vertebral and femoral epiphyses, etc., pertain to a young animal, 
but there is a proximal half of a first phalanx which, placed side 
by side with the first phalanx of the type .of Anrhenia hucrfan- 
ensigj tallies, with it perfectly in size and proportions. 

A canine with, gently curved, conical, and bicarinate crown, 
found with this phalanx, and which, therefore, may belong to the 
same species, or even individual, has the enamel thick and smooth 
on the outer, longitudinally grooved or striated on the inner face. 
The axis of its crown makes nearly a right angle with that of its- 
root, indicating a long post-canine diastema. The two strongly 
compressed and elevated carinse are formed largely (their crests 
entireh') of the thick enamel- layer of the outer face, and are in- 
wardly recurved. 

The length of the rectified canine, as preserved, is about two 
inches — to which perhaps a fourth of an inch should be added for 
the tip, which is broken off. The length of the root is 1 . 1 inch. 
The transverse diameter at base of crown is . 4 inch ; the antero- 
posterior diameter at same, al)out 5. 5. The hight of the poste- 
rior carina at base of crown is al)out .1 inch, that of the (broken) 
anterior carina being apparently a little greater. 

The capacious shovel-shaped crown of a lower incisor found 
with* the preceding, and marked with a semicircular depressed 
area on the distal half of its upper face, may or may not belong 
to this or another Aiichenio. It is a first or * ^pincer, " canine, and 
its maximum or anterior width is .75 inch. The rather thick 
enamel of the front or lower face of this tooth is marked with 
fine undulating striaeform grooves as in the incisors of the ox. 

A eameloid metapodium from *«old river gravel" at Denver, 
Colorado, and two first phalanges from the '^Denver loess," col- 
lected by Prof. Geo, L. Cannon, indicate animals somewhat larger 
and stouter than those indicated by any of the remains above 
noticed, but which, as their teeth are unknown, cannot yet be de- 
termined. 

The metapoiliuni is 14.13 inches in length and. distally, 3.8 
inches in breadth, the articular extremities, as well as the shaft,. 
I)eing stouter, in relation to the metapodium of Auchpuia hvrr- 
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/(UKiish, than the relative breadths of the two speciinenn would 
indicate. One of the first phalanges has a length of 4. 6 inches, 
a breadth proximally of 1.75 inch, and distally of 1.5 inch. The 
other, represented by the proximal half only, has a maximum 
breadth of fully 2.13 inches. These phalanges are not stout 
throughout, but expand somewhat suddenly from a comparatively 
narrow cylindrical shaft to the upper extremity. 

The volcanic ash-beds which have yielded the type of Anchenia 
huerfanensis are regarded by Mr. Hills as Pliocene. Teeth of 
Eqinis, too much worn to admit of identification, occur in the 
.same deposits, which in all probabilit}' represent -the ^^Kquus 
beds.'' But whetlier all of the so-called *«Kquus l>eds " belong in 
reality to one epoch, is a matter still to l)e determined. 

In his monumental work on Lake Bonneville, * Prof. Gilbert has 
produced evidence which seems to definitely establish the fact 
that some of the *'Equus beds" are Quaternary. On the other 
hand, Mr. Hills finds the ash-beds of the upper Huerfano drain- 
age overlaid with a conglomerate which he provisionally l)elieves 
to be identical with conglomerates not far distant, and which are 
overlaid by true morainal deposits. 

The results of further field-work, which Mr. Hills hopes, to 
prosecute in quest of the solution of the age of the Huerfano 
volcanic ash-beds, will be awaited with interest bv all students of 
strati graphic geology. 



EDITORIAL COMMEIsT. 



Progress op Amerkwn Glacial Geolckiv. 
One of the most important contributions from American geo- 
logic exploration to stimulate similar research in Europe, is the 
tracing of the series of terminal moraines across the northern 
United States during the past fifteen years by Chamberlin, Smock, 
Upham, Wright, Lewis, Salisbury, Leverett, and others. The 
interest of Europeans in this class of drift deposits was greatly 
increased in 188() and 1887 by thedfccovery and mapping of ter- 
minal moraines in England, Wales and Ireland, by the late Prof. 
H. Carvill Lewis, and in (Jermanv bv Prof. R. D. Salisburv. 
Another point in which Lewis was in advance of most of the 

♦Monograph I, U. S. Geological Survey, 1800, chapters vi and ix. 
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British geologists, is the origin of the shell-bearing drift deposits 
at high levels on Moel Tryfaen, and in other parts of northern 
Wales, Cheshire and Lancashire, which Lewis attributed, follow- 
ing Belt and Goodchild, to transportation by an ice-sheet which 
moved from Scotland and northern Ireland southward across the 
bed of the Irish sea. The work of glacial investigation by Lewis 
in England, which was left unfinished b}* his lamented death, has 
been taken up with earnestness by many workers under the name 
Northwest of England Boulder Committee, of which Prof. Percy 
F. Kendall, of Stockport, Eng. , is secretary. In a paper before 
the Boston Society of Natural History, March 2, Prof. G. F. 
Wright described the work of this committee, and the admirable 
generalization of Prof. Kendall, now fully demonstrated, that 
whercA'cr the shells, mostly fragmentary, are found in the drift at 
great elevations, there are also boulders from rock outcrops north- 
ward of the Irish sea, brought by the ice-sheet which gathered 
these shells from the sea bed. The '*great submergence" of parts 
of Great Britain, which was supposed to have taken place during 
an interglacial epoch, is thus shown to be a needless and erroneous 
assumption. 



EEVIEW OF EEOENT GEOLOGICAL 

LITEEATUEE. 



The Cauite of an Tee-Age^ by Sir Robert Ball, Royal Astronomer of 
Ireland. D. Appleton & Co , 1891, pp. 180. 

The discusBion of the cause of an Ice-Age is prefaced in this little 
volume, by a brief statement of the records left by the ice, and by a 
statement of the nature of glacial and ^'genial" periods As indicated 
by the title, the vital part of the volume is the discussion of the cause 
of glacial climate. This discussion consists of ai,i)rief exposition of the 
astronomical t^ypothesis, — with amendment. 8ir Robert's amendment 
to the astronomical hypothesis, as it has commonly been stated, may best 
be given in his own words, set in contrast to the general statement of the 
effect of varying eccentricity of the earth's orbit given by Herschel, and 
((uoted by the author (p. 116). " 'Supposing the eccentricity of the 
earth's orbit was very much greater than it actually is, the position of 
perihelion remaining the same, it is evident that the characters of the 
seasons in tlie two hemispheres would be strongly contrasted. In the 
northern we should have a short but very mild winter, with a long but 
very cold summer, t. «., an approach to perpetual spring, while the 
southern hemisphere would be inconvenienced, and might be rendered 
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uninhabitable, by the fierce extremes caused by concentrating lialf the 
Annual supply of heat into a sammer of very short duration, and spread- 
ing the other half over a long and dreary winter, sharpened to an intoler- 
able intensity of frost when at its climax, by the much greater remote- 
ness of the sun.' "* 

Sir Robert would modify the latter part of the foregoinji; statement of 
Herschel as follows: *'In the northern we should have a short but ver)' 
mild winter with a long but very cool summer, t. ^., an approach to per- 
petual spring; while the southern hemisphere would be inconvenienced 
and might be rendered uninhabitable by the fierce extremes caused by 
concentrating »ixty-three per cent, of the annual supply of heat into a 
summer of very short duration, and spreading the remaining thirty-seten 
per cent, over a long and dreary winter, sharpened to an intolerable in- 
tensity of frost when at its climax, by the much greater remoteness of 
the sun." (p. 118.) 

The new law which is thus announced is elsewhere stated as follows: 
*^Under all circumstances and on either hemisphere 63 per cent, of the 
total heat of the year is received during summer, so that only the re- 
maining 37 per cent, is left for winter, (p. 119.) * * * They (these 
figures) would remain the same however the dimensions of the orbit be 
altered, however its eccentricity be altered, or in whatever direction the 
plane of the earth's equator may inte rsect the plane of the earth's revo 
lution around the sun." (p. 121.) 

The effect of this modification of the law governing the distribution 
of heat during summer and winter during varying eccentricities of the 
earth's orbit, cannot fail to greatl}' modify the conclusions as to the 
climatic effects which varying eccentricity is competent to produce. 
And the author does not fail to make the most of the situation. 

It is calculated that during the time of high eccentricity when the 
summer lasted for 166 days and the winter for 199 (winter in aphelion), 
the ratio between the amounts of heat received daily in winter and in 
summer, is expressed by the figures .68 and 1.38. This difference, it is 
argued, could not fail to produce a glacial epoch. So sure is the author 
of his conclusion that he says, "i>erhaps it would hardly be an exaggera- 
tion to assert, that even if geologists had not hitherto discovered the 
Ice Age from its records on the globe's surface, astronomers would have 
demonstrated by calculiiion that Ice Ages must have happened, and would 
even now be urging the geologists to go and look for their traces." (p. 43). 

Sir Robert dissents from some of the conclusions of Croll concerning 
the change in position which the gulf stream would suffer, '^as a conse- 
quence of the transference of the glaciation from one hemisphere to the 
opposite." The doctrine of the recurrence of ice epochs, alternating 
with each other in opposite hemispheres, is a necessary result of the 
position taken by the author. The geological evidences of the truth or 
falsity of the hypothesis advocated, are not discussed. 

Oeoloyical Surcey of Kentucky; Report on Hie occurrence of petroleum^ 

♦Herschel. 
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^natural gas and anpIiaU rock in western Kentucky^ Edward Okton, pp. 288, 

Frankfort. 
Geological sections and maps. Report submitted April 2, 1891. 

This report contains a review of the prominent theories of the origin 
of petroleum and natural gas, its geological relations, and the phe- 
nomena of the different oil fields, methods of utilization, its physical and 
chemical properties. It is based on the observations made by professor 
Orton in Kentucky, in the seasons of 1888 and 1880. The geological 
structure of western Kentucky is discussed, and illustrated by a section 
from Owensboro to Frankfort. This is followed by a brief history of the 
development of petroleum and its products in the state, included in the 
district reported on, each county or district being treated separately. It 
is a valuable report for the state, and will have numerous readers. 

On tlw Lower Devonian Fish- Fauna of Camphellton^ New Brunswick^ by 
A. S. Woodward F. G. S., (Geol. Maj., iii, 9, Jan. 1892, pp. 1-6) 

The author describes a number of fishes which were collected during 
1891. There are described one new genus, Protodus, which is named 
from detached teeth only, and is an elasmobranch, and three new species, 
Protodus jexi^ Diplodus problematicus, and Acantliodes semistriatus. 

On the Characters of Some Paheozoic Fishes^ by E. D. Cope. (Proc. U. S. 
Nat. Museum, Vol. xiv, pp. 447-468, No. 866.) 

This valuable paper is divided into seven sections, each complete in 
itself. In Part 1, Prof. Cope announces and describes a new elasmo- 
branch genus from the Permian of Nebraska. The genus is named from 
a single tooth, which resembles in some respects Oxyrhina and Dendro- 
dus. He thinks it belongs to a cladodont shark and has named it 8typ- 
tobasis knightiana, after Mr. W. C. Knight, who found the tooth and de- 
termined the formation. Styptohasis kniglttiana*^ was a large shark of car- 
nivorous habits and its presence indicates the existence of a marine fauna 
whose remains have not yet been discovered." 

Part II. On New lehthyodorulites, in which are described Ilybodus reg- 
ularis from the Triassic of Baylor Co.,Texas, and Ctenaeanthus amhlyxiphias 
from the Permian of Texas. 

Part III. On the. Cranial Structure of MacropetaliciUhys. In this article 
Macropetalichthys rapJieidolabis Owen is compared with Coccosteus, Di. 
nichthys, etc. It is allied to Dinichthys and referred to the Placoder- 
mata (Arthrodira). '*The general resemblance of Macropetalichthys to 
the Arthrodira renders it almost certain that it possesses a lower jaw 
and that it is a member of that order." In his synopsis of the families 
of vertebrata (Am. Nat. 28, p. 856), Prof. Cope included this order (Placo- 
•derml) in the Crossopterygia on the supposition that they possessed a 
maxillary arch and suspensorium. In a foot note to page 856 of his 
synopsis he adds: *^The position of this order is not yet certain." In 
this present paper he announces that A. S. Woodward in his catalogue, 
has placed Placodermata in the Dipnoi, thus indicating the absence of 
maxillary arch and suspensorium. The structure of the skull of Ma- 
cropetalichthys tends to confirm this. Newberry and others have allied 
Macropetalichthys to the sturgeons; the author concludes that the Arth- 
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rodira cannot be placed near the sturgeons on account of the structure of 
the pectoral tins, and the cranial structure which has no resemblance to 
that of those Ashes. 

Part TV. In this part is described the first known specimen of the 
pectoral spine, almost complete, of Holonema rugosa CltLjpoie, from Mans- 
field, Tioga Co., Pennsylvania. The spine is without complete segmen- 
tation, differing in this respect from BothriolepiH and Pterichthys. The 
spine is continuous to the apex, thereby constituting a generic distinc- 
tion between Holonema and Bothriolepis. Length 54 mm, base width 11 
mm, middle 7 mm. 

Part V. On the Paired Fins of Meyaliclithys nitidu$ Cope. In this paper, 
the author, after announcing the provisional withdrawal of his genus 
Ectosteorhachis (Megalichthys) (Proc. Am. Phii. Soc.,1880, p 56) gives 
a study of the paired limbs and concludes that it is probably intermediate 
between Ceratodus and Pterichthys and possibly Arthrodira. The limb 
structure does not resemble either Polypterus or Ceratodus. 

Part VI. On the Non-Actinopterygian Teleostomi. This is practicully 
the same paper which appeared in the Am. Nat., 25 May, 1801, pp. 479- 
481. 

In Part VII the author describes two new species of Platysomidiv, P. 
palmaris from the Permian of S. Indian Territory and P. lacovianus from 
the Coal Measures of Mazon Creek, 111. 

Stratigraphy of the Bituminous Coal Field of Pennsylrania^ Ohio, and 
West Virginia, By Israel C. White, pp. 212; with a folded map, 10 
other plates, and 152 figures of sections in the text. (Bulletin No. 65, 
U. 8. Geological Survey, 1891. Price, 20 cents.) 

The classification adopted in this report partly preserves the subdivis- 
ions and nomenclature of the Brothers W. B. and H. D. Rogers, adding 
thereto such new features as now seem necessary from the present 
wider and more detailed knowledge of the coal-bearing strata. The en- 
tire Carboniferous system of the Appalachian region comprises three 
grand divisions, founded on the conditions of their deposition. The 
lower division is exclusively marine; the middle division consists of 
shore deposits, interrupted by incursions of the sea, and includes the 
lower Coal Measures; and the upper division embraces only fresh and 
brackish water deposits, including the upper Coal Measures and tlie 
Per mo- Carboniferous series of Dunkard creek. Professor White here 
descrilies the outcrops and stratigraphy of the five series into which the 
Upper and Middle Caboniferous are subdivided. Many interesting 
questions in connection with this work are reserved for discussion when 
the remaining southern half of t)ie Appalachian coal field shall have 
been more fuliv studied. 

On a group of volcanic rocks from the Tcican Mountains, AVir Mexico, and 
on t?ie occurrence of primary quartz in certain basalts, Br Joseph P. Id- 
dings, pp. 34 (Bulletin No. 66, V S. Geol. Survey, 1890. Price 5 cents ) 
The volcanic series of the Tewan mountains shows a gradual transition 
from rhyolites through andesitlc rocks to basalts, ranging thus from one 
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^extreme to another in mineral composition. ^The whole series,*' accord- 
ing to Mr. Iddings, in his summary of this Investigation, "is character- 
ized by a variable amount of porphyriticai quartz in rounded grains, 
which is very noticeable in some of the basalts. These quartzes are 
primary secretions or crystallizations from the molten magma, and ex- 
hibit no detinite relation to its chemical composition, being present in or 
absent from rocks of similar chemical composition. Their production 
is to be referred to certain physical conditions attending some earlier 
period of the magma's existence. From analogy with the occurrence of 
Iron olivine in rhyolitic obsidian, it seems probable that the formation 
of primar}'' quartz in basalt took place through the influence of water* 
vapor while the magma was under considerable pressure '' 

On a UiU tolcunic eruption in Northern California, and its peculiar lava. 
By J. S. DiLLKu. pp. 83: with seventeen plates, and four figures in the 
text. (Bulletin No. 79, U. 8. Geol. Survey, 1891. Price, 10 cents.) 
Basalt enclosing abundant quartz grains, closely like that described by 
Mr. Iddings in the Tewan mountains, is found by Mr Diller to have 
been very recenth'^ erupted at the Cinder Cone, ten miles northeast of 
Lassen peak in northern California. An explosive eruption, ejecting 
bombs, lapilii, and volcanic sand, formed this cone about two hundred 
years ago, as shown by trees whose dead trunks still project through the 
lava that flowed out from the base of the cone before the explosive ac- 
tion ceased. Afterward a period of inactivity probably lasted a century 
or more, as shown by like deposits which overlie the volcanic sand and 
are covered by a second lava flow. The eruption of this latest lava oc- 
<;urred probably somewhat more than fifty years ago and was not accom- 
panied by any explosive ejection of fragmental material, the cone being 
undisturbed except at the point on its side whence the molten lava is- 
sued. 

The Cinder Cone rises very steeply to a hight of 640 feet and has an 
average diameter of 2,000 feet at its base and 750 feet across its top, be- 
neath which the pit of its crater sinks 240 feet. The later lava, occupy- 
ing an area three miles long and having an average thickness of nearly 
a hundred feet, was extremely viscous at the time of its eruption, and 
Its cooling crust was repeatedly broken up by the moving mass beneath. 
Its surface therefore is composed of sharp, angular blocks, loosely piled 
together, which were shoved along as a huge stone pile. 

The explosively ejected fragmental lava of the earlier eruption and 
both the earlier and later lava flows contain quartz grains, which 
frequently are so large and abundant as to give a porphyritic structure, 
though more generally they are small and inconspicuous. Their aver- 
age diameter is about one-thirtieth of an inch, but very rarely they are 
found over an inch in diameter. All of them have been greatly modi- 
fied, apparently by the corrosive action of the magma, and each grain is 
encircled by a shell of granular, acicular augite, which is separated 
from the quartz by a film of glass. The author concludes that the 
quartz became crystallized in the magma before its erbption. 
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This valuable paper is illustrated by numerous views of the scenery of 
Cinder Cone and its adjacent tracts of lava. 

Tfie rdationa oftlie Traps of the Newark system in the New Jersey region. 
By Nelson Hokatio Dartox. pp 82; with a folded map, 5 other 
plates, and 49 figures in the text. (Bulletin No. 67, U. S. Geol. Survey, 
1890. Price, 10 cents.) The traps of the Triassic area in New Jersey 
are found to belong to two classes. The most important class comprises 
extrusive sheets or overflows, three of which constitute the Watchung cr 
Orange mountains, curved in their outcrops on account of flexure of the 
enclosing strata. In the second class, comprising intrusive sheets and 
dikes, the Palisades, forming the west shore of the Hudson, are the 
most conspicuous example. Mr. Darton concludes that the eruptions 
producing the Watchung trap sheets were doubtless similar to those of 
some of the great lava-flows west of the Rocky mountains, which during 
the later Tertiary and Pleistocene periods appear to have welled forth, 
from long fissures, without the formation of craters or the ejection of 
fragmental materials. 

Earthquakes in California in 1880. By J £. Keeleu. pp.25. (Bulle- 
tin No. 68, U. S. Geol. Survey, 1890. Price, 5 cents.) This paper is a 
continuation of the notes of earthquakes in California to the end of the 
year 1888, previously published by Prof. E. S. Holden. It describes all 
the shocks felt at the Lick Observatory on Mt. Hamilton, with others oc- 
curing elsewhere, so far as known, in the state. Forty-one days during 
the vear 1889 had shocks which are here recorded. 

A rJasst'd and annotated Bibliography of Fo»sil Insects^ pp. 101 — Index 
to the knoicn Fossil Insectx of the World, including Myriapods and Arach- 
nids, pp. 744. By Samuel Hubbard Scudder. (Bulletins 69 and 71, U. 
S. Geol. Survey. Prices, 15 and 50 cents.) The writings of more than 
five hundred authors are cited in the first of these papers, with concise 
descriptive notes. In the second, the bibliography of each known fossil 
species is cited in chronologic order. The PaUeozoic, Mesozoic, and 
Cenozoic eras are taken up successively, and in each of tliese time divi- 
sions the principal classes are separately presented; but under each 
class the generic names, and under them the specific names, are ar- 
ranged alphaV)etically. 

On tJw Bear Riccr Formation, a Stories of Strata hitherto known as the 
Bear River Laramie. By Charles A. White,— and Tlic Stratigraphic 
Position of tlie Bear Ricer Formation. By T. W. Stanton. {Am. Jour. 
Sci., Vol. XLiir, Feb., 1892, pp. 91-115.) 

These two interesting papers add another link to the chain of our 
knowledge of the age of the non-marine formations which were form- 
erly grouped under the one name "Laramie." 

Dr. White, in his paper of seven pages, gives a short historical sketch 
of the work that has been done on the Bear River formation, from its 
discovery in southwestern Wyoming, by H. Engelman in 1859, who, with 
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F. 6. Meek, referred it on fossil evidence, to the Eocene Tertiary. From 
the above date to 1876, these beds were continuously designated by 
Messrs. Meek, Hay den and other western geologists as Tertiary, and 
then, on Mr. Clarence King's general map of the 40th parallel, they were 
included in the Laramie, where they have remained without question, 
except for a few lines in Dr. White's Review of the Cretaceous of North 
Ameiica, in which he comments on the peculiarity of the fauna, and 
states that pending investigations may show that the beds may occupy 
an altogether lower position than had heretofore been generally sup- 
posed. The result of these investigations is said to be *'that the strata 
which have hitherto been known as Bear River Laramie, are not only not 
referable to the Laramie formation, but that they occupy a lower posi- 
tion, being overlain by marine Cretaceous strata, the equivalents of which 
are known to underlie the true Laramie." 

In this connection it may be stated that the Canadian geologists have 
for some years been recognizing a series of fresh — or brackish— water 
sandstone terranes of a character precisely similar to the Laramie inter- 
bedded between typical marine Cretaceous shales of Montana or Colo- 
rado age. Of them the Belly River series has been traced northward from 
the international boundary line to the vicinity of the North Saskatche- 
wan river; and the Dun vegan series has been found for a considerable 
distance on Peace river underlying marine shales holding characteristic 
Pierre (Montana) fossils. This latter sandstone series is also stated by 
Mr. J. F. Whiteaves in the report of the Canadian Geological Survey for 
1879-80, pp. 115 B, and 119 B to contain a Cyrena (Corbicula?) ''with out- 
line very like that of C. durkeei of Meek" and Corbula pyriformis? 
from the Bear River series of Wyoming. Assuming these identifica- 
tions to be correct we have in the far north an undisturbed sandy non- 
marine terrane intercalated in the marine Cretaceous shales, holding 
two of the same species of fossils as the Bear River formation, and 
occupying a position approximately the same or but a little above that 
assigned to it by Dr. White and Mr. Stanton. 

Mr. T. W. Stanton, in his paper of eighteen pages, gives the strati- 
graphical evidence of the position of the formation as obtained from 
four typical sections in southwestern Wyoming, in all of which the 
beds are highly inclined, folded or faulted, and in places overlain by 
nearly horizontal Wahsatch Tertiary. Mr. F. B. Meek*s original section 
on Sulphur creek is first given, and there it is shown not to be continu- 
ous from the Colorado subdivisions of the Cretaceous to the Bear River 
formation, as w^as originally supposed, but to include at least two sections 
of the latter terrane, between which lie l>eds as low down as the Juras- 
sic, from all of which characteristic fossils were obtained. 

Finally in a table of formations the Bear River is designated as a series 
of **very fossiliferous argillaceous and calcareous shale, alternating 
with thin beds of Hand«tone," and is placed between the ^'shales and 
coal-bearing sandstones" of the Colorado, and the ^'conglomerates and 
coarse sandstones" of the Dakota? 



268 The American Geologist. Aprti, isw 

NoU% to accompany a Tabulation of tJu* Igne&us Rocks based on the Sys- 
tem of Prof R, Rosenhusch. By Frank D. Adams. {Oan, Rec, SH.^ Vol. 
IV, No. 9, Dec, 1891, pp. 463-469, with table.) 

In the present transition stage of petrographical classification, it is 
a ditncult matter to lay before the student a scheme for the determina- 
tion and classification of rocks in which their reiatloos to each other as 
brought out by their mineral and chemical composition are shown clearly 
and concisely. Such schemes or tabulations are usually too much bur- 
dened with unimportant details and doubtful sub-divisions which only 
serve to confuse and bewilder those using them. In the table accom- 
panying these notes, 3ir. Adams has succeeded admirably in presenting 
a classification of the igneous rocks based on that of Prof. H. Rosen- 
busch of Heidelberg, which is very simple, and may be readily compre- 
hended by beginnern in petrographical work, whilst at the same time 
nearly all rock names of real importance are included in it. 

The author points out that although there has recently been a strong 
tendency among petrographers to consider rocks from a chemical stand- 
point, yet a purely chemical classification presents many grave difllcul- 
ties, and therefore that mineralogical composition, and structure must 
still play an important part in any scheme which is to be generally 
adopted. 

In his table the igneous rocks are first classified in three horizontal 
columns, headed "Abyssal (Plutonic) Rocks,'' "Dyke Rocks," and "Effu- 
sive (Volcanic) Rocks," the characteristic structures of each of these 
groups being given. 

The table is also divided into eight vertical columns according to the 
mineralogical and chemical composition of the rocks, headed, "Alkali 
Feldspar Rocks," "Alkali Feldspar— Nepheline (or Leucite) Rocks," 
"Leucite Rocks," "Nepheline Rocks," "Melilite Rocks," "Lime-Soda 
Feldspar-Nepheline (or Leucite) Rocks," "Lime-Soda Feldspar Rocks," 
and "Hocks containing no Feldspathic constituent." 

The rocks are then subdivided according to tbeir bisilicates and micas, 
further subdivisions being made in the more acid ones by the presence or 
absence of quartz, and in the basic ones, the presence or absence of olivine. 

Briefly summarized the more important points to be noted in connec- 
tion with the table are : 

1. In a general way the classification is a chemical one, the rocks 
decreasing in acidity from left to right of the table. The prin- 
cipal exception is the Nepheline, Leucite and Melillte rocks. 

2. Several of the rock groups are given positions which differ 
from those which they occupy in Prof. Rosenbusch's book, the 
object being to more clearly bring out their chemical relation- 
ships. As examples may be mentioned the Nepheline, Leucite 
and Melilite rocks, placed immediately after the Orthoclase 
Nepheline (or Leucite) rocks; the Diabases, here classed with 
the volcanic rocks; the Finguaites, Alnoites, and some of the 
Acmite Trachytes which will be found among the Dyke rocks. 

The Pyroxene rocks are separated from the Olivine rocks, and 
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erected into a new group — the Pyroxenites, a name given by the 
late Dr. Sterry Hunt to certain non-feldspathic rocks differing 
in origin but having a pyroxene as the principal constituent. 
8. Several gaps in former tables have been filled in with recent 
discoveries, such as Malchite, a dioritic rock corresponding: to 
Aplite; lolite, corresponding to Nepheline Basalt, but contain- 
ing giimet; Fourchite and Monchiquite Lamprophyric dyke 
rocks of the Theralite series. 
Little stress is laid on the division of the Volcanic rocks into older 
and newer, but it is still retttined. In the subordinate classification 
many names, based merely on structural differences in the rocks, have 
been omitted, e, g^ Nevadite, granophyric, etc. The typographical 
features of the table are excellent, the relative importance of the various 
divisions being clearly brought out by the use of several kinds of type. 
Important rocks are indicated by heavy-faced type, and when a rock is 
a mere variety of the preceding one, the type is shifted to call attention 
to the fact 

The author draws attention to the fact that although liosenbusch's 
group of the Dyke Rocks has called forth much adverse criticism, yet 
this group has certain claims for recogniUon, and it is therefore retained, 
the three series of "granitic," "granitic-Porphyritic," and "Lampro- 
phyritic" Dyke rocks, into which it is divided, being separated in the 
table l)y spacing, not by lines. 

In conclusion, the author acknowledges valusble help and suggestions 
received from Profs. Rosenbusch, Geo. H. Williams, and the late Dr. J. 
Francis Williams. 

Report on the Sudbury Mining District, Canada. By Dr. Robbbt Bell, 
Assistant Director, Geological Survey. This report is the result of three 
years work by Dr. Bell, assisted by Mr. A. £. Barlow and others. It is 
accompanied b}' a fine map, geologically colored, covering an area of 
72 by 48 miles, equal in extent to about four counties. In doing this 
geological work Dr. Bell and his assistants had not the advantage of a 
settled or surveyed region, but were obliged to do a large proportion of 
the topographical work as well, and to contend against the disadvantages 
of a difficult forest country. The map was compiled under the super- 
vision of Mr. Scott Barlow, chief topographer, and is very finely exe- 
cuted. 

The narrowest part of the great Huronian belt comes within this 
sheet, and is fianked on the southeast by true Laurentian gneiss, but on 
the northwest side this belt is bounded by a mixture of similar gneiss 
with great areas of granites and syenites. The Huronian rocks which 
are fully described, consist largely of graywackes, with and without 
included fragments and pebbles, and are generally heavily bedded, but 
frequently coarsely slaty. These merge into quartzites, which are also 
largely developed and associated with elongated masses of greenstones 
and thick belts of clay-slate. The series is shown to be largely of vol- 
canic or pyroclastic origin. 
In addition to the undoubted Huronian, there is within this district a 
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basin of rocks which may be of Cambrian age. They consist of dark 
argiilaceoiis sandstones with some shaly beds, underlain by several 
thousand feet of a remarkable volcanic glass breccia, replaced in some 
parts of its course by black slates. The breccia contains light-colored 
angular fragments which, under the microscope are seen to consist of 
silicified pumice, showing, in th*^ most beautiful manner, rows of small 
vesicles as perfect as those in recent volcanic glass. This great band of 
breccia affords conclusive proof of volcanic action on a grand scale in 
these early geological times. At the base of the series is a band of 
qnartzite-conglomerate with white quartz pebbles. 

The celebrated nickel and copper deposits of the Sudbury district 
come within this area and are described by Dr. Bell. He gives the re- 
sults of his investigations on the relations and mode of occurrence of 
these ores. They would appear to be always associated with the green- 
stones, and to be most abundant at the contact of these rocks with some 
other, especially where the contact is intersected by a line of dislocation 
or by one of the gabbro dykes, which are numerous in the district. The 
occurrence of gold, silver, lead and other metals is described, and assays 
for nickel and gold are given by the chemists of the survey. 

There are four appendices: I contains a careful description of the 
microscopic and other characters of about fifty kinds of rocks from the 
district by Prof. Geo. li. Williams, of Johns Hopkins University. 
IT gives the levels along the Canadian Pacific Railway and of the prin- 
cipal lakes. Ill is a list by the best authorities of 78 species of Lepid- 
optera, collected by Dr. Bell north of lake Huron, and IV explains the 
meanings of the Indian geographical names in the surrounding country. 
The report is illustrated by some fine photo-engravings. 
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piment, and Realgar in the Yellowstone National Park, W. H. Weed and 
L. V. Pirsson; Mineralogical Notes, L. V. Pi rsson: Perldotite Dikes in 
the Portage Sandstones near Ithaca, N. Y., J. F. Kemp; New I^ocality 
for Meteoric Iron with a Preliminary' Notice of the Discovery of Dia- 
monds in the Iron, A. E. Foote: The South Trap Range of the Kewee- 
uawan Series, M. E. Wadsworth; Geological Facts noted on Grand River, 
Labrador, A. Gary. 

Dec. No. contains: PercivaPs map of the Jura-Trias trap-belts of central 
Connecticut, with observations on the upturning, or mountain-making 
disturbance, of the Formation, J. D. Dana; Notes on a Missouri Barite, 
C. Luedeking and H. A. Wheeler; The Contraction of Molten Rock, C, 
Barus; Notes on Michigan Minerals, A. C. Lane, H. F. Kellar, and F. F. 
Sharpless. 

Jan. No. contains: Theory of i\n Interglacial Submergence in England, 
G. Frederick Wright; Permian of Texas, Ralph S, Tarr; Chemical Com- 
position of lolite, O. C. Farrington; Relation of Melting Point to Pres- 
sure in case of Igneous Rock Fusion, C. Barus; Discovery of Clymenia 
in the Fauna of the Intunies ceoszone (Naples beds) of western New 
York, and its Geological Significance, John M. Clarke; New Meteoric 
Iron from Garrett Co., Md., A. E. Foote; Farmington, Washington Co., 
Kansas Aerolite, G. F. Kunz and E. Weinschenk; Skull of Torosaurus, 
O. C. Marsh. 

GeoJ. Mag. Noc. No. contains: On Plcuronautilim nodosocanwitnn^ A. 
H. Foord: Contributions to Precambrian Geology, J. F. Blake; On Nor- 
mal Faulting, T. Mellard Reade; Work done by Lobworms, C. Davison; 
On Aitnnonitcit jurcnsiif, E.T.Newton; On Athyris l.Tviuscula, Norman 
4 1 lass. 
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Bet. No, contains: On Olenellus caUtivei and its Geological Relation- 
ships, 0. Lapwortb; Petrological Notes, W. M. Hutchings; P^^idop/t- 
oru8 germanicus in the Upper Lias, Whitby, A. S. Woodward; Pseudo- 
trionyx from the Bracklesham Beds, A. S. Woodward; Notes on Stereodon- 
melitensis, J. H. Cooke. 

American Naturalist, Sept, No, contains: A Reply to Prof. Marsh *s 
"Note on Mesozoic Mammalia,'* H. F. Osbom. 

Oct, No, contains : A Sketch of the Geology of South America, G. 
Steinmann; Notes on the Hearts of Certain Mammals, Ida H. Hyde. 

Not, No, contains: The Permian, Triassic, and Jurassic Formations in 
the East Indian Archipelago (Timor and Rotti), August Rothpletz; The 
Hat Creek Bad Lands, J. S. Kingsley. 

Canadian Record of Science, July^ 1891^ contains: On a new Horizon 
in the St. John Group, by G. F. Matthew; On some Granites from British 
Columbia and the Adjacent Parts of Alaska and the Yukon District, by 
F. D. Adams. 

Ottawa Naturalist, Nov,, 1891^ contains: Canadian Gems and Precious- 
Stones, by C. W. Willmott. 

« 

/ V, Ejccerptu and Individual Publications, 
On some of the Melaphyres and Felsites of Caradoc, by Frank Rutlev- 
From Quart. Jour. Geol. Soc. Nov., 1891, Vol. xlvii. 

On a Spherulitic and Perlitic Obsidian from Pilas, Mexico, by Frank 
Rutley. From Quart Jour. Geol. Soc. Nov., 1891, Vol. xlvii. 

A New Locality for Meteoric Iron with a Preliminary Notice of Dis- 
covery of Diamonds in the Iron, by A, E. Foote. From Proc. A. A. A. S. 

Vol. XL. 

The Trias of the Vale of Cleoyd. Notes on a section of the Trias and 
Boulder Clay in Chapel Street, Liverpool. A Further Note on the De- 
composed Boulder and Underlying Red Sandstone in the Chapel Street 
Section, Liverpool. By T. Mellard Reade. 

The Cause of the (Glacial Period and an Explanation of Geological 
Climates, by Marsden Manson. From Trans. Technical Society of the 
Pacific Coast, Vol. viii. 

V, Foreign Publications. 

Fold. Koz. (Budapest) Vol. xxi, Nos. 6 and 7, June and July, 1891, 
(Supplement) contains: Die Bewegungen auf den Schemnitzer Erzgiln- 
gen in geologischer Beziehung, Szabo; Mineralogische Mlttheilungen^ 
Zimunyl; Uber die gwei geologischen Karnten RumRniens. 

Annual Report of the Department of Mines, New South Wales, for the 
year 1890. Sydney, 1891. 

Jahresb. des Vereins fHr Erdkunde zu Metz fttr 1890-91. 

Trans. Leeds Geological Association. Part vi. 1890-91. 

Gestreifte Magnetltkrystalle aus Mineviile, Lake Champlain Gcbiet^ 
Staat New York, von J. F. Kemp. Sep.-Abd. aus "Zeitsch. fOr Krystal- 
lojrraphie, etc.," xix. 

Uber das transkaspische Naphtaterrain. Febersicht der Geologie 
Daghestans und des Terek-Gebietes. Ueber das diluviale, arabokaspische 
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Meer und die nordeuropaische VereisuDg. Beltrage zur Geologie des 
Berges Savelan im nordlichen Persien. Ueber die Thatigkeit der 
Schlammvulkane la der Kaspischen Region wahrend der jahre 1885-87. 
Beltrage zur Kenatniss der Erzlagerstlllten von Moravica und Dognac- 
ska im Banat, von Hj. Sjogren. Sep.-Abdncken. Jahrb. k. k. geoK 
Reichsanstalt 1886-87. 

Den arktiska floran forna utbredning i Iftnderna deter och soder om 
Ostersjou, af A. G. Nathorst. 

Wisaensch. Veroff. Vereins ftir Erdk.zu Leipzig. I. Band contains: 
Beitrftge zur Geographie des festen Wassers. 

Annales de G<?ographie, publi^es sous la direction de P. Yldal de la 
Blache et Marcel Dubois. 

Anales del Instituto Fisico-Geografico Nacional de Costa Rica, 1880, 
par Prof. E. Httier. 

Annual Report of the Department of Mines, New South Wales, for 1890. 

Bulletin de la Soci<?t^ G<?ologiqu« de'France, t. xix, Oct., 1891, contains: 
Note sur TEocene tunisien, par M. Aubert; Note sur le TiMotia tissoti, 
par M. Douvill^: Un filon d^argile plastique, par M. Tardy; Note sur le 
B^oonien et en particulier sur Page des couches it Hippurites, par M. A. 
Toucas; Sur la G6o\og^e des environs de Moustiers, par M. CoUot; Sur 
la situation des couches ii Terebratula diphya dans TOxfordien superieur, 
it rOuarsenis (Alg^rie), par M. £. Ficheur; Notes sur Thistoire et la 
structure gi^ologique des chaines alplnes de la Maurienne du Brian- 
connais et des regions adjacentes, par M. W. Kilian. 

VI, Scientific Laboratories and Museums, 
Johns Hopkins University Circulars, No. 94; The Geological Excui:- 
sion by University Students across the Appalachians in May, 1891, by 
Geo. H. Williams. 

Bulletin of the American Museum of Natural History, Dec, '91, con- 
tains: Observations on some Cretaceous Fossils from the Beyrfit District 
of Syria, with Descriptions of some New Species, by R. P. Whitfield. 
Catalogue of the Michigan Mining School for 1890-9t. 



SUPPLEMENTARY LIST OF THE WRITINGS OF 

ALEXANDER WINCHELL. 

(Continued from page 139.) 
1852. YeJlow Rain, proving it to be pollen of coniferous trees. (Ala- 
bama Whig, April, 1852.) 
1852. Analysis of Artesian water. (Alabama Whig, Dec. 22, 1852.) 
1852. Chemical examination of "Sandy Land*' soil. (Alabama WJiig, 
two articles.) 

1859. On the Geological Position of the Brine Springs of Grand Rapids 

[Michigan]. (Grand Rapids papers, Oct , 1859.) This was the first 
correct announcement ever made on this subject. 

1860. On the Salt Springs of Saginaw. A communication to the su- 

perintendent of the Saginaw Salt works (Saginaw Enterprise^ 
Feb., 1860.) 
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1802. Is the brine at Bay City obtained from the same source as the 
brine at East Saginaw? (Saginaw Courier, July, 1862.) The 
first announcement that the Ba}' Cit}' wells are supplied from 
the conglomerate of the Coal Measures. 

1863. How shall we perfect the Agricultural College? (Detroit Adcer- 
ttser and Tribune, Feb., 1863.) Three articles advocating a more 
professional or special organization. 

1H63. Important railroad conneotions with Ann Arbor. (Mich. State 
News, July, 1863.) This advocated a iine from Toledo to Ann 
Arbor, Holly and East Saginaw, fifteen years before it was finally 
completed. 

1865. Draft of an act to provide for the completion of the Geological 

Survey. Passed the House, Feb. 10, 1865. Lost in the Senate. 

1866. Report on the Bruce Oil Lands at Oil Sprinvs, Canada West. 

With maps, and two articles contributed by him to the Chicago 
Bejyubltcfin, Jan. 17 and 20, 1866. Pamphlet. 
1866. Petroleum in Middle Tennessee. (Pittsburg Mining and Manu- 
facturing Journal, 7 Nov., 1866.) 

1866. Christian Theology illustrated from Nature, {N&rtfuce^tern Chris- 

tian Adrorate, Chicago.) A series of 22 articles, the first ap- 
pearitfg, Jan. 2,1887. 

1867. Stromatoporidii*. (Proc. Amer. Assoc. 1866, Buffalo meeting.) 

[See notice of his geological publications in Jahrhudi, for 1867, 
pp. 99, 100. 101.1 
18(>8. The Geologi(;al foundations of our state, (Detroit Weekly Adtcr- 
tiser and Tribune, 27 Nov. 1868. Daily do. 30 Nov.) 

1869. Impending crises in Nature. {College Courant, July 12 and 17, 

1869.) 

1870. Brazil in the Reign of Ice. With Illustrations {GoJUge Courant, 

June 4 and 11, 1870.) Opposes the view of L. Agassiz that the 
valley of the Amazon was covered by a continental glacier. 

1H71. The mineral fertilizers of Michigan. Report Dept. of Agricul- 
ture, Washington, 1869. 

1S71. Geological history of Mammoth Cave. (Indianapolis Daily Jour- 
nal, Aug., 1871; American Naturalint, Nov., 1871.) 

1872. Kaicistocracy, or Too much Popular Goveroment. Lecture de- 

livered at Mattoon, 111. 4 Dec, 1871. (Mattoon Journal, 6 Jan., 
1872.) 

1873. Reason for tlie Faith. Baccalaureate address at Syracuse Uni- 

versity. (Syracuse Journal, Northern Christian Adcoeate.) 

1873. The German Gymnasium {University llerald, Oct., 31, 1873.) 

1874. The Genealogy of Ships. (New York Daily Tribune, 16 July, 1874, 

New York Christian Advocate; Golden Age; New York Tnde- 
pejulenl, etc.) Elicited a numl>er of replies in the 7Vi&u/ir. An 
ironical jeu d'esprit directed against the assumption that suc- 
cession and structural relation in a series of specific forms, is 
proof of genetic relation. 
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1874. The Battle Fields of Faith. A baccalaureate address delivered 
at Syracuse University, Juae 21, 1874. (Syracuse Courier and 
Journal^ June 21; Northern Christian Advocate, 2 July, 1874.) 

1876. The Beautiful. An address delivered before the State Female 
College, Memphis, Tenn., 14 June, 1876. {Western Met7io(li8t,S 
July, 1876: NortJwrn Christian Advocate, July, 1876.) 

1876. State and School, (New York Daily Tribune, 12 July, 1876.) A 
critici-m of the address of Charles Fitch before the New York 
State Teachers* Association. 

1876. Huxley in New York. A review of his three lecture?, {Christian 

Union, 11 Oct., 1876.) 

1877. On the Origin of Species. )Syracuse Journal, 20 March, 1877.) 

Eighth lecture of a series. 

1878. The old age of continents. A University Lecture, (Syracuse 

Journal^ 31 Jan., 1878.) 

1878. Science gagged in Nashville, (Nashville American, 16 June, 1878.) 

1878. Reply to the Nashville Christian Advocate (Nashville American, 
19 July, 1878.) 

1878. A plea for Modernized Education. Address before the National 
Convention of DKE, delivered in the Academy of Music, New- 
York, 24 Oct., 1878. (N-w York Daily Tribune, 25 Oct.; Syracuse 
Journal, 28 Oct.; Educational Weekly, etc.) 

1878. Culture and Knowledge. Address before the ^Esthetic circle, 
Syracuse, and repeated by request in the hall of Y. M. C. A., 
Syracuse, 14 Nov. 1878. (Syracuse Journal, 17 Nov., (1878, and 
many times reproduced in various parts of the country.) 

1881. Primitive stages of cosmical evolution {Science, ii. 179, Apr. 16, 

1881). 

1882. The Interpretation of Nature. Address at the dedication of 

Agassiz hall, Martha's Vineyard, 20 July, 1882. (Institute Her- 
ald, July 21, 1882.) 
1M83. Misconceptions about evolution. (Northern Christian Adtoc4ite, 
Sept. 14, 1882.) 

1883. Contents of a work on Kcligiou and Intelligence. Pamph. 8vo. 

8 pp. Feb., 1883. 

1883. Communism in the United States. (North American Retiew, May, 

1883.) 

1884. Editorials for The Inde^r, 17 June, 1884. 2,000 words. 
1884. Horror Mongering. (Indcc, 12 July, 1884.) 874 words. 

1884. Open Letter to Teachers on the teaching of geology. (Circular 

issued by S. C. Griggs & Co.) 775 words. 
1884. The Mania for Facts, (rndex, 13 Sept., 1884). 1 ,050 vords. 
1884. Minor editorials. (Indsx, 13 Sept., 1884.) 1,986 words. 
1884. The race factor in civil institutions. (Index, 29 Sept , 1884.) 1,000 

words. 
1884. Minor editorials, (Fnd^x, 27 Sept., 1886.) 242 words. 
1884. Decay of the American conscience. (Ttide^, 11 Oct. 1884.) 1,000 

words. 
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1884. Trades-Union unreasonableness. {Index^ 25 Oct., 1884). 1,138 

words. 
1884. Minor editorials. {Index, 25 Oct., 1884). 601 words. 
1884. Are the churches decaying? {Iridex, 8 Nov., 1884.) 1,364 words. 
1884. Minor editorials. (Index, 8 Nov., 1884). 1,274 words. 
1884. Minor editorials. (Index, 22 Nov., 1884). 310 words. 
1884. Non-classical collegiate courses, (Index, 6 Dec, 1884.) 1,200 words. 
1884. Minor editorials. (Index, 6 Dec, 1884.) 1,814 words. 
1884. Notice of Lowrey's Philosophy of Ralph Cudworth. (Index, 6 

Dec, 1884). 281 words. 

1884. The rights of Religion in School. (Index, 20 Dec, 1884.) 1,147 

words. 
1884. Evolution as a hobgoblin. (Index, 20 Dec, 1884.) 1,300 words. 

1884. Minor editorials. (Index, 20 Dec, 1894.) 1,758 words. 

18ai. Have we any Scientific Literature? (Index, 3 Jan. *85.) 1,320 

words. 

1885. Minor editorials. (Index, 3 Jan., 1885.) 900 words. 

1885. The constitution of University authority. (Index, 17 Jan., 1885.) 
1,417 words. 

1885. Minor editorials. (Index, 17 Jan., 1885.) 1,064 words. 

1885. The decay of the land. (Index, 31 Jan., 1885.) 1,339 words. 

1885. My views on the elective franchise. (Chronicle, Ann Arbor, 25 
April, 1885.) 885 words. 

1885. Table for determination of minerals. (Young Min4'raloght and 
Antiqiuirian, April, 1885.) 550 words. 

1885. Continent building. (The Untrersity, 18 June, 1885.) 1,717 words. 

1885. Table for the determination of rocks. (Toxing Minerahgist and 
Antiquarian, May, 1885.) 

1885. Congra'ulatory address to Prof . Asa Gray. Adopted by the Sen- 
ate of the University of Michigan. Published in the Register, 
Ann Arbor, with Dr. Gray's reply, 25 Nov., 1885. 
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Akrow Points from the Loess at Muscatine, Iowa. — The hills on 
which the city of Muscatine stands are covered with a very fine deposit 
of loess, which in some places must be nearly fifty feet thick. It is easy 
to find the border of this loess lake. 

In this deposit have been found great quantities of land shells, several 
pieces of bones, the remains of at least two American reindeer, a consid- 
erable part of the antler of the elk or common deer, pieces of wood, etc., 
etc. For several years I have thought there ought to be found in this 
loess unmistakable evidence that men were here when the surface of 
this lake was nearly 150 feet above the present high water of the great 
river at our feet. 

Much of the loess is excellent for making brick. At several points 
hills are for this purpose out away, leaving banks sometimes more than 
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twenty feet high, of the tinest loess. Ilecently I have been able to gather 
some information concerning relics of man from this deposit. Mr. Chas.^ 
Freeman, a brick-maker, says he took from the loess, on the north side 
of Eighth street, near St. Mtithias church, at a depth of about twelve feet, 
an arrow point. 

In answer to my questions he said it could not have fallen from the 
top, for he took it out himself and noted especially the print in the loess. 
There seemed to be no possible chance that it could have s^otten there 
through a hole or crevice. The loess at this place is very fine-grained, of 
a yellowish brown color, exhibiting slight indications of strata. At 
another yard, about two blocks from the above, on Iowa avenue and 
Ninth street, this same gentleman was moulding brick in the old fash- 
ioned way. In thrusting the clay into the mold he felt something sharp, 
and an examination brought to light an arrow-point. 

At first sight it would seem as if this find would have been worth little or 
nothing, but on cleaning the arrow point it was found to be largely covered 
with blue clay, quite different from the rest of the loess at this place. 

A bed of this same blue clay was strikingly shown here about ten 
feet below the surface, showing that this arrow-point was well covered 
by this same clay. 

I examined this bank, and unless the arrow-point could have been so 
covered in the process of mixing, it must have been originally buried in 
the blue clay, which is ten feet or more below the present surface. 

In the suburb of this city, about one miht from where it enters the 
Mississippi, Mad creek has cut away a hill forming a bank forty to fifty 
feet high. At about twelve feet from the top is a bed of gravel and 
sand. In this gravel Mr. Joe Freeman, a young man in the third year 
class in our high school, found a considerable fragment of the tooth of 
an elephant. In this same bed I observed numerous flint chips. The 
upper portion of this hill is loess. At the foot of the bank the creek 
runs over an argillaceous or arenaceous limestone of Devonian age. 

On both sides of the Mississippi in this locality on the most command- 
ing bluffs are numerous mounds of earth, the work of men. These are 
believe<l to be very ancient. So far I have not observed mounds on the 
loess. May not these arrow or spear points mentioned above, have been 
made and used by the builders of these mounds? F. M. Wittru. 

The Serpentines op the Coast Uanoeb in California. — In a paper 
on " The Pre-Cretaceous Age of the Metamorphic Rocks of the Califor- 
nia Coast lianges,'' published in the March number of the American 
Gkolooibt, Mr. Harold W. Fairbanks states that his view that the ser- 
pentine in the Coast ranges is an altered eruptive, is in opposition to 
the views of others who have studied those rocks, except those given in 
a few brief statements published in the Bulletin of the Geological 
Society of America, in 1891. He also states that professor Whitney and 
his assistants held that the serpentine is an altered silico-argillaceous 
rock, referring to MThitney's ** Auriferous Gravels" in support of his 
statement. On turning to page forty-two of the last mentioned work, it 
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will be seen that I was considered responsible for most of the nomencla- 
ture of rocks mentioned in that volume, and that the results were not 
then fully published. At that time I was an assistant to professor Whit- 
ney, and therefore, with his other assistants, am held responsible by Mr. 
Fairbanks for the view which he has quoted. The results of my work 
were published in 1884, f or the peridotities, in my "Lithological Studies." 
In this work there were described more or less altered peridotites or ser- 
pentines from Colusa county, in the Coast range, and from Inyo, Sierra, 
and Plumas counties in the Sierra Nevada. All these described speci- 
mens were considered to be more or less altered forms of peridotite, in 
proof of which eight colored lithographic figures were given. (See my 
*• Lithological Studies," pp. 129-182, 142, 158, 189-192, plate 5, figures 1, 2,. 
3; plate 6, figures 3, 4, 5, 6; plate 7, figure 1.) It was also then stated 
that the microscopic and lithological characters of the Coast range peri- 
dotite and serpentines studied, as well as those from the Sierra Nevada, 
indicated that they are eruptive. I may also say that, so far as the 
specimens described by myself were concerned, the results obtained by 
me were accepted by professor Whitney in 1882 as satisfactory and con- 
clusive. As I have never studied any serpentine that I considered other- 
wise than derived from the alteration of peridotite or some allied erup* 
tive roc:ls, Mr. Fairbanks^ confirmatory observations are of very great 
interest to myself. M. E. Wadswortii. 

Michigan Mining School, Houghton, Mich., March 2, 1892. 

Englacial duift of Long Island. In the December number of the 
American Gboix>gi8t, Warran Upham calls the attention of glacialists 
to certain criterea of englacial and subglacial drift. 

In my study of the drift formations of Long Island, I had noticed a 
difference between the bottom and surface portions of unmodified till, 
but was never able to draw a line between them. Of course, when the 
two were separated by a layer of stratified material, the surface part 
could easily be recognized from the hardpan, but where this line of 
separation does not take place it is difiicult to determine exactly where 
the one leaves off and the other begins. It is true, as Mr. Upham re- 
marks, that the upper drift is yellowish in color, and is looser in texture 
than the hard pan, but the two blend into each other in such a way as to 
render a distinct separation impossible, and yet I am inclined to think 
that they are two distinct formations. One was laid down probably 
when the glacier advanced; the other was deposited when the ice sheet 
retreated. The surface drift is variable in depth, and there are sections 
where it is absent altogether or is only represented by a few large 
boulders; as at Hockhill, near Eastport, Long Island, where a huge 
erratic is seen resting on the stratified gravel, the finer material having 
been washed away. In general, however, this yellowish sandy boulder 
drift covers the surface of Long Island. It covers the hills as well as 
the depressions at Brooklyn, and large niggerhmds are everywhere seen, 
where the lots are vacant, protruding out of the drift which is only a few 
feet in thickness. Along the line of the terminal moraine it is ver>' much 
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the same, although not so determinable in places. It is very light on the 
Shinecock hills, for here the stratified gravel comes very near the surface. 
The bottom drift is also variable, and subject to many modifications. 

The Rockaway Beach railroad, that cuts through the ridge north of 
Woodhaven, exposes an interesting section of drift. The moraine is 
broken up by old subglacial streams, and adjacent to these depressions,, 
the material near the edges of the bank, show signs of stratification, but 
these stratified layers never extend clear a(;ross the cut except near the 
surface. In the center of the bottom part of the drift is a mass of 
bouhlers in a sandy matrix, and over this is the hardpan, which is also 
full of erratics. Then comes the modified drift, and over all the so-called 
englacial drift which probably was laid down after the floods had sub- 
sided. The modification of the drift at this point tends to prove, I think, 
that kettle-holes were in some way connected with subglacial rivers. 

North of the terminal moraine the whole bottom part of the drift 
seems to be moilified, although a small section was exposed at Kidge- 
wood, where underneath some fifteen or twenty feet of stratified sand 
and gravel was a stratum of unmodified boulder clay of unknown 
depth, and there may be other sections like it that have not been ex- 
posed. Kidgewood, near Brooklyn, is situated near an old water chan- 
nel that comes up through the Newtown creek depression. The under 
boulder drift was probably deposited when the ice-sheet lay over the 
island. The stratified sand and gravel tell the story of the floods dur- 
ing the melting of the glacier, and the upper deposit or englacial drift 
was laid down when the ice-sheet retreated. This upper drift thins out 
towards the depression showing that the floods must have prevailed 
while the deposition was going on. The waters must have receded, how- 
ever, before the ice-sheet had disappeared, for the depression as well a& 
the ridges are covered with unmodified boulder drift. 

Professor Agassiz said: **A11 American drift is bottom drift." And in 
a sense this is true. I am inclined to think that the so-called subglacial 
drift is as much englacial as the surface portion of unmodified till, that 
is, both were held in the ice-sheet until deposited. 

On Long Island as the glacier advanced from the main land the sub- 
gla< ial streams advanced with it, modifying the drift and carrying much 
of the detritus beyond the southern limit of the ice-sheet. The south 
side of the island is chiefly composed of this stratified material. These 
ancient streams can be traced by the depressions from the sound to the 
sea, and the upper deposit of unmodified drift that covers in general, 
the stratified deposits, shows, I think, that the streams were subglacial 
and not superficial. There is little direct evidence on Long Island of 
superglacial drift. The subglacial beds of stratified gravel are not so 
8 -anty as Mr.Upham supposes, for, as far as my observations go, they far 
exceed all other glacial deposits. The greater part of the terminal moraine,, 
moraines of recession, or kame moraines, and the bottom part of the 
valleys and plains owe their modified condition to subglacial currents, 
I am aware that the terminal moraine is generally spoken of as being 
composed of unmodified drift. This is true of the surface part only,. 
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for ^ hen broken into there are few places that do not show signs of 
stratification especially along old lines of drainage. On the extreme 
west end of the island where the flood of waters was great, nearly the 
whole of the morainic material is affected by it. The old subglacial 
channels are innumerable along the whole extent of the terminal moraine 
and the marginal kames and kame deltas were formed by the icy cur- 
rents that issued from the front of the ice-sheet. Where the currents 
were strong the moraine is correspondingly broken, and the kames in 
front become more prominent as may be seen in the vicinity of Fort 
Hamilton and Greenwood cemetery. These marginal kames extend out 
for some distance from the ridge proper, and it is rather difficult to de- 
termine their exact southern limit, except by the slight covering of un- 
modified drift. I am inclined to think that the ice-sheet did not end 
with the so-called terminal moraine, for even the kame deltas that extend 
southward to the ocean are covered with a yellowlHh sandy clay, very 
much like the englacial drift referred to by Mr. Upham. 

It is true, that the boulder line seems to end with the marginal kames, 
yet there is such a blending of the two, that no distinct line can be 
drawn between the marginal kames and kame deltas. The unmodified 
boulder drift covering the former would show, however, that the so- 
called englacial till extended farther southward than the subglacial till, 
in its unmodified form. It has seemed to the writer that these southern 
kames could not have been formed without the aid of an ice-sheet, and it 
may be that a study of this so-called englacial drift will lead to the 
solution of the problem, for this superficial deposit covering the plains 
on the south side of Long Island has never been satisfactorily explained. 
I made mention of it in my pamphlet on the formation of Long Island, 
published in 1885 and was unable to account for its origin. It still re- 
mains a puz/.le, but I think we are getting nearer an explanation. 

Ea$tp(>rt, L, /., Jar^,^ V7, 1892, John Buvson, 



PERSONAL AND SCIENTIFIC NEWS. 



Professor G. Frederick Wrkhit delivered a series of ten 
lectures in Boston during February and March, on '«The Antiquity 
and Origin of the Human Race,'' as one of the free Lowell In- 
stitute courses. The bearing of geology on this subject centers 
in the (question, IIow long ago was the Glacial period? Professor 
Wright in reply accepts the conclusions of Prestwich, Gilbert, N. 
H. Winchell, and others, based on the amount of postglacial 
erosion of waterfalls, and on other evidence, which from many in- 
dependent observations, computations, and estimates, give 7,000 
to 10,000 years, more or less, as the time since the great ice- 
sheets of North America and Europe were melted away. Man 
was contemporaneous with the latest and maximum extension of 
the ice on both continents, as is known by his stone implements 
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in the gnivel (leiK>sits fonned by streams which brought this mod- 
ified drift from the ice in wliich it had been cnch)setl as enghicial 
drift. Under the lavas of Table mountain, California, and of 
Nampa, Idaho, the implements and other relics of men, and even 
their bones, includini; the famous Calaveras skulL have been 
found and assigned to a vast antiquitv, but the}' may probably l)e 
no older than the latest general glaciation. The last great local 
accumulation of glaciers and ice-sheets on the Sierra Nevada and 
more northern parts of the Cordilleran mountain belt to Alaska 
is referred by Wright, as by Russell and Hecker, to a subsequent 
time, during the Recent epoch. No proof of man's existence 
during even the later part of the Tertiary era has been obtained, 
and Prof. Wright believes that the evolution of the human race 
has been comprised wholly within the Quaternary era, probably 
occupying no more than r>0,(>Oi>or 1(K),(MM) years. The substance 
of these lectures will be mainlv included in a lK>ok entitled 'Olan 
and the Glacial Period." so<m to l)e issued in the Internationa! 
Scientific Series, supplementing the author's previous work on 
'•The Ice Age in North America."' 

Prof. Edwin .1. Pond, of the W S. Coast and Geodetic 
Survey, died in Washington in February, of scarlet fever. lie 
was a voung man of sturdv habits and a most earnest student of 
natural science, known to but a small circle of scientific people, 
owing to his modest demeanor, and his long residence in mission- 
arv lalx)rs in the education of colored youth in the remote south. 
An ardent student of geology and botan\^ he was a constant col- 
lector and contributor of data to othere who published them. 
Although having resided in Washington but a short time, he had 
made many interesting discoveries in local geology. The writer 
first knew him in Texas, where, with his class of students, Prof. 
Pond discovered and collected the remarkable and as yet unpub- 
lished fauna of the Shoal (Veek limestone, which he (leposited in 
the National Museum. He published several short papers in Sci 
ence on Texas ijeologv. R. T. H. 

The Swiss (\>.mmittee of Orc^anization for the sixth session 
of the International Congress of (jeologists has been constituted 
definitely as follows: K. Renevier, president; Alb. Heim, vice 
president: 11. GoUiez, secretary, and C. Kscher-Hess. cashier; 
I>r. A. Baltzer, Dr. Ed. Rrueckner. L. Duparc, Dr. K. Du Pas- 
(juier. Dr. Kdm. v. Fellenberg, Dr. F. A. Forel, Dr. II. Frey, 
Dr. J. Frueh. Dr. U. (rrubenmann. Dr. A. Gutzwiller. Dr. A. 
Jaccard, Dr. K. Kissling. Dr. Fr. Koby, Dr. F.. R. Lang, P. 
deLoriol, G. Mariani. Dr. F. Muehll)erg, L. Rollier, Dr. II. 
Schardt, Dr. C. Schmidt. 

At a meeting held 28 Dec, 181)1. this committee decided that 
the next session of the Congress will be held at Zurich, near the 
end of August or the commencement of Septeml)er. The length 
of the session can be reduced to four davs. One of these davs. 
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at least, will be devoted to the meetings of the sections, in whieh 
questions of more special interest will be treated. There will be 
three sections, viz: 1. Mineralogy and petrography; 2. Strati- 
graphy and paleontology. \\. General geology. 

The committee intend to have two sorts of excursions, viz: 
Foot-excursions, and railroad and steamboat excursions. The 
former will be for the purpose of studying the geological features 
in trips across the Jura and the Alps, and would be suitable only 
for those accustomed to long walks. The second will l>e planned 
to enable the participants to see the principal classic regions in 
Swiss geology. By the time of the session it is expected that 
there will be a number of mountain railroads, which will enable 
the visitors to see some of the most elevated portions of the 
region. Excursions will also start, preceding the session, from 
different points, west or north from Switzerland, and will converge 
at Zurich. Also after the* session other excursions will depart 
from Zurich, radiating through the Alps, and then will reunite at 
Lugano, where the Congress will finally close. 

Suitable later announcements will be made, givinsjmore details. 
Tt is evident that the Swiss Committee have entered upon their 
duties vigorously and in good season. 

Princeton Sciknttfic Expedition of 1S91. This expedition 
under Prof. Scott, explored the so-called Ticholeptus beds of the 
Deep Kiver region, Montana, during the months of August and 
September and secured a large amount of valual»le material. These 
so-called Ticholeptus beds which are lacustine, are comparatively 
limited in extent and lie between the Helt ranjres. The beds lie 
uncomformably upon inclined Carboniferous (?) limestone and 
slates. Fossils were found in abundance at only two places. 
According to Prof. Scott, the Deep River beds are composed of 
at least two and perhaps three distinct horizons and in this respect 
he differs from Prof. Cope, whose list of species from this locality 
is misleading in the fact that the species are all grouped under 
one horizon. Prof. Cope, however, did not personally visit the 
locality. In the first horizon ten genera were identified; in the 
second twelve: in the third or top bed four. In all these IhhIs 
there are still some genera to be identified. Prof. Scott comes to 
the conclusion that the Deep River {TlchoUpt^is) beds form a com- 
plete transition between the John Day and the Ijoup Fork. 

Mr. W. J. McGke, of the United States Geolocjical Sra- 
VEV, gave the lectures on Gruloyif in series 8, in the course of 
public lectures of Columbian University, Washington. They were 
twelve in number, extending through January and February, 1SJ)2. 

Dr. K. W. Ci.aypole, Akron, ()., gave a course of twelve g(*o- 
logical lectures in March, before the Rose Polj'tecluiic Institute 
at Terre Haute, Indiana. 
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AN EXPERIMENT DESIGNED TO SHOW THE UP- 
WARD MOVEMENT OF SUBGLACIAL 

DEBRIS. 

Ity OsKiAN GuTHRn, Chica;^o, III. 

The folhm'ing ex|>«'riiii(*nt wan deviled Homotinie nince by Mr. Guthrift to hIiow that 
fiilnclacial mtiterial rihen through the ice (luring Itt* forward movement. Since the experi- 
ment ban been referred to in thin journal* an Hhowiug that mubf^luclal material doen have 
Kuch motion, it hii!* Iieen deeme<l advinable to jB^ive an account of the experiment an 
equally wide dintribution. The experiment of Mr. Outhrie wuh deHcribtMl in a paper 
«>ntitled "Tlie Lake Michigan (tlucier and Glacial ChannelM ncronn the Chicago Divide" 
pre^tMited t(» the (t(*ological S<»ciety of Chicago, October *», 18»0. Ed. 

A box wa.s constructed 8 ft. long, *5 ft. high, and 10 inches 
wide, to represent ii valley. The inclination of the Ih)x was 
slight, alnnit six inches in the eight feet. The bottom of this 
l)ox (large A in the cut) extended al>out three feet beyond the 
Ik)x at the upper end, for a fulcrum for the lever E. The box 
had no cover and but one end, (small A) which was designed to 
repre.-»ent the upper end of the valley and also aid in applying 
the prt»ssure recjuired to move the ice. Through this head a slot 
or mortise was cut, 8x10 inches, through which the piston J) 
moved: this head also formed one side of the hopper or chute (r 
which extended from one foot al)ove the top of the valley to the 
l)ottom. Tills hopper or chute opened into the upper end of the 
valley directly in front of the piston I> to which, through the 
agency of the lever E, a total force of 1 , aOO pounds could be 
applied if necc^ssary. The sides of the Ijox were supported 
against the great pressure by several strongly l)olted clam^js. 
This box wius then filled to the top with broken ice FF, and the 

*Ameuican GEOLOiJiftT, Vol. IX, March 1892, p, 187. 
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hopper was filled with a mixture of broken ice and red sandstone, 
al)Out half and half in bulk. The sandstone gave the mixture a 
dark color, and also gave it a specific gravity much greater than 
that of the pure ice in the valle}'. The lever was then openited, 
an<l the hopper kept supplied with the mixture until it was forced 
up through the clear ice in the valley, as shown by the dark mass 
between FF in the cut. A freezing mixture was tlien applied to 
the sides of the l)ox, and the whole covered with canvass and 
allowed to remain until frozeu, when one side was removed and a 
photograph taken from which the cut was made. Three similar 
experiments had been made previously, with gravel an<l cement, 
all resulting the same. 

The colored material introduced at the bottom of the upper 
end of the valley appeared at the surface of the ice with rounded 
front. * 'in true glacial stvle. " 



PRELIMINARY DESCRIPTIONS OF NEW BRACHIO- 

PODA FROM THE TRENTON AND HUDSON 

RIVER GROUPS OF MINNESOTA.* 

N. H. WiNciiKi.L and Chaiilkk SrnrriiKitT, Miiim>A]K»lis. 

Lingula riciniformis var. galenensis. 

The conspicuous ditference between L. rirlHifonnis Hall, and 

this varietv, is that the former is constantlv two thirds the size of 

the latter, and that the greatest width is across the center of liie 

length of the valves, while the varietv is widest in the anterior 

third. In the (Jalena horizcm at Oshkosh, Wis., this variety is 

not rare, and there attains twice the size of L. rHuilf'nniua Hall. 

Plate wix, Acts. 10, U. 

Fornmfion and hrah'tt/. Galena shales, north branch of the Zuinl>ro 
river. 

Lingula (Glossina) deflecta. 

Shell medium size, subtriangular; lateral margins diverging 
more or less rapidly from an acute apex, to the broadh' rounded 
and deflected anterior third. Shell substance thick, and marke<l 
by stnmg, irregular concentric lines of growth, lK»tween which are 

♦The desii<:aation8 of figures and plates refer to Vol. HI of the Final 
Report on the (ieologv and Natural History of Minnesota. Advance 
prints distributed Apr.'l. 1HJ)2. 
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• 
numerous finer ones. In a profile view the line of conjunction of 

the valves is more or less convex dorsally. Pedicle (ventral) 

valve flat or slightly concave along the center lengthwise, and 

strongly convex transversely. 

Brachial (dorsal) valve strongly convex, both transversely and 
longitudinally. In the interior of this valve the cardinal margin 
is bnjadly flattened, striated, divided centrally by a well defi»e<l 
narrow depression which terminates at a jwint one-fourth the 
length of the shell from the posterior edge. Near the posterior 
end of the depression are faint traces of the umlx)nal scar. The 
vjiscular trunks are discernible on each side and anterior to the 
rostral depression: thence having the same curve as the outer mar- 
gin of the valve, proceed to a point somewhat beyond the post<»r- 
ior half of the shell, where they gradually converge and meet near 
the anterior margin. Vjiscular bninches originate only from the 
outer side of the vascular trunks. There is no other species of 
Lingula from the Lower Silurian, with the peculiar deflected anter- 
ior portion of the shell so characteristic of this species. 

Plate XXIX, figs. 15-18. 

Forma tiofi and lornlity. Near the base of the (Jaleua, near Fountain, 
and in the Hudson River, near Spring Valley, Minn. 

Lingulasma galenensis. 

Shell large oblong; subpentagonal. Anterior margin slightly 
convex, somewhat produce<l in the center. This species ditfers 
from L. srhurhcrti riHch, iu that the brachial (dorsal) valve is 
deei)er: platform and median septum shorter, and the crescent 
smaller. In the pedicle ( ventral) valve the platform is also shorter 
and is of an (Mitirely ditferent shape. The muscular scars of this 
species are also more distinct, while the interior pedicle area is 
absent. 

Plate XXX, figs. 1-4. 

FomniHon and hralitt/. Near the top of the (lalena limestone, Bear 
creek, south from Hamilton, Minn. Also in the Galena limestone at 
Decorah, Iowa. 

Strophomena septata. 

This species seems to be a local development of *S'. frrnfonr/tsi'x 
and so far as external characters are concerned no distinguishing 
features can be pointed out ('ompared with *S. nnjotta we find a 
.*itill closer general resemblance, both external I v and internallv. 
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• 
It can, however, be separated readily from both when the interior 

is shown, by the strong mesial septum of the pedicle (ventral) 
valve. This originates between the diductor scars and continues 
to increase in strength to near the anterior margin where it often 
coalesces with one or two of the vascular ridges. In S. trenton- 
cuftis the thickening of the interior near the anterior margin of the 
pedicle valve is obsolete, or entirely undeveloped — which is 
another distinguishing feature. The cardinal processes in both 
these species are also more elevated, while the rostral thickening 
u\yon which it rests is less strongly developed than in S, rugosn. 
The septum of the pedicle (ventral) valve in S. septata, will also 
distinguish it from S, incurvata, in addition to its smaller size, 
and comparatively greater width than length. 

Plate XXXI, tigs. 1-3. 

Formation and locality. Common in the upper third of the Trenton 
Khales at St. Paul and Minneapolis, and at Pleasant Grov^e, Olmsted Co., 
Xinn. 

Strophomena planodorsata. 

Large, semi-circular or sub-quadi*ate in outline, concavo-con- 
vex, wider than long, greatest width along the hinge- line or 
im mediately ^in front of it. Surface with fine radiating striae every 
other or every third one somewhat stronger than those intermedi. 
ate, crossed by exceedingly delicate and closely crowded concen- 
tric lines, and towards the anterior margin by a few larger snb- 
imbricating lines of growth. 

The size, large flattened area of the dorsal valve, and the snb- 

((uadrate muscular area distinguish this species from all others of 

the S. rugosa type. 

Plate XXXI, figs. 8-10. 

Fantwiion and locality, Hudson Uiver group, Spring Valley; Iron 
Hidge, Wis.: Wilmington, 111. 

Strophomena scofleldi. 

Shell small, semi-circular in outline, biconvex, with a moi-e or 
loss prominent fold and sinus toward the anterior margin; hinge - 
lino a little shorter than the greatest width; area of pedicle (ven- 
tral) valve forming an angle of about 140° with the plane of the 
lateral margin, centrally occupied by a convex perforated delti- 
dium; that of the brachial (dorsal) valve fitting closely against 
the other valve. Surface marked by numerous crowdcil. 
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rounded, radiating stride, increasing in number by implantation, 
and from 110 to 120 along the outer margin in adult shells, 
crossed by delicate, crowded, concentric lines and a few coarser 
growth marks. 

Brachial valve not deep, evenly convex or with a fold near the 
anterior margin. Cardinal area very narrow, and slightly re- 
flexed. Crural plates prominent, very oblique, coalescing medi- 
ally; upon this thickening at the base two low ridges originate 
which continue upwiird and outward into the small low cardinal 
processes, about one half of which is covered by the deltidium. 
Immediately underneath the crural plates are two pairs of small 
adductor muscular scars, separated l)y a low rounded and short 
septum which bifurcates anteriorly. 

Pedicle valve somewhat deeper than the other, evenly convex 
or with a broatl shallow sinus near the anterior margin. Hinge 
teeth prominent and joining with the outer elevated margin of 
the short, sub-oval muscular area. This area is centrally divided 
by a low ridge separating the two pairs of adductor and diductor 
scars. 

This species is of the type of *S. tdnuahi (James) Meek (Pal. 
Ohio. vol. 1, p. 87, pi. V, figs. 5a to 5/), but can he distin- 
guished readily from that species b}^ the smaller size and greatei 
number of striis, which is about 60. The profound fold and sinus, 
greater size and less numerous striae of /S*. xtticrttn de Yerneuil, 
will distinguish it from S. scofiddi. 

Plate XXXI, figs. 17-20. 

Formation and loaility. Rare near the top of the Trenton shales at 
Minneapolis and St. Paul: common near the base of the Galena in asso- 
ciation with Clitamhonitfn dicerna at several localities to the south of 
Cannon Falls. 

Strophomena emaciata. 

Shell small, depressed, biconvex, semi-circular in outline; 
hinge- line somewhat less than the greatest width of the valve. 
Surface marked by numerous angulated radiating strise, increas- 
ing in number by interpolation, from 65 to 75 of the large and small 
ones along the anterior margin. 

Pedicle valve depressed convex, sub-angulated medially, great- 
est point of elevation about mid-length. Canlinal area narrow, 
less than 1 mm. in width, strongly elevated with a very convex. 
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apicalh' porforatetl deltidium, which is somewhat wider than 
long, and excavated i)osteriorly for the reception of that of tlie 
other valve. 

Brachial (dorsal) valve nearly flat or slightly convex, with a 
shallow mesial sinus, having its origin near the beak and rapidly 
widening to the anterior margin, which is more or less sinuous 
according to the depth of the medial depression. Cardinal ai'eji 
linear with a short, broad deltidium partially covering the cardinal 
l)rocess. 

This little species of Strophomena is separated readily from all 
other biconvex forms of this genus, in having a rapidly widening 
mesial sinus in the brachial (dorsal) valve, and the pedicle valve 
su))-angular along the median line, while in all other related sjk*- 
cies these characters are the reverse. 

Plate XXXI, figs. 21-24. 

Formation and locality. Near the base of the Galena, associated with 
CU'tamhonites dinrso^ south of Cannon Falls. 

LeptsBna charlottsB. 

Shell small, transverseh' semi-oval, plano-convex, geniculate, 
with the sid(»s slightly convex, and converging to the broadly 
rounded front, or drawn out tongue-shaped; hinge-line as long 
or somewhat shorter than the greatest width of the shell. Sur- 
face marked b}' fine, closely crowded, alternating stria? as in 
Rajin<i<(juiiHt altvnuita, crossed by exceedingly delicate concentric 
lines, and over the visceral disc of each valve bv more or less 
continuous zigzag undulations or wrinkles. 

L. rharJotta differs from any other American species of Lvp- 
fanti in its zigzag concentric surface corrugations, and other 
minor features which can In? seen more readily in the illustrationn 
than by any written comparison. Plate xxxii, figs. 1-5. 

Plate XXXII, figs. 1-5. 

Formation and locality. Upper portion of the Trenton limestone and 
base of tlie Trenton shales In the Bryozoa layers at Minneapolis and 
St. Paul. 

Plectambonites gribbosa. 

Shell small, semi-circular in outline, strongly concavo-convex, 
wider than long, greatest width along the hinge-line. Surface very 
finely striate, with six or seven stronger striations on each valve, 
much as in P, trftnavvrstiUa, 

Pedicle (ventral valve) very gil>lK)us and sub-carinate medially; 
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hitenil slopes rapid and slightly concave ; greatest elevation about 
mid-length, (^irdinal area strongh' elevated, slightly concave, 
somewhat wider than that of the other valve: delthyrium alwut as 
wide as long, with a small deltidiam in the posterior portion, and 
more or less occupied by the cardinal process and deltidiuni of the 
other valve. Teeth small, supported by strong dental lamellae. 
Diductor muscle pits deep, short, strongly diverging and separated 
lx)steriorly by a small septum. 

Brachial (doi*sal) valve concave and closely following the curva- 
ture of the other valve. Cardinal area wide, flat, retrorse; del. 
thyrium with a large, sim))le cardinal process more or less covered 
by a deltidiuni which is usually imperfect medially. Crural 
processes short and widely divergent. .Adductor muscle scars 
broadly triangular in outline, lobate. with the outer margin 
stn>ngly elevjited. 

The convexitv of its valves, and the interior charactei's of the 
brachial valve will distinguish at once this spi»cies from P, aerircd 
Sowerby and F, thripinis Billings. Plate xxxii. figs. 13-17. 

Plate xxxir, figs. 1:M7. 

Vonmition ont! loeulity. (ralena limestone four miles south of C^annon 
Falls, an<l at Mantorville, Minnesota. 

Orthis meedsi. 

Shell of medium size, suborbicular, in outline: biconvex; an- 
terior margin broadly deflected doreally: hinge-line about one- 
fourth shorter than the greatest width: surface marked bysti-ongly 
elevated, sharply rounded stria?, from forty -five to seventy on 
each valve along the anterior mai^n, crossed b}' numerous thread- 
like lines of growth: strije arranged in bundles of two or three, 
those of the j>edicle valve bifurcating, while on the brachial valve 
an increase takes place by interpolation. Exfoliated specimens 
show two or three rows of small black spots terminating on the 
striie, which may represent perforations in the shell substance. 

Pedicle (ventral) valve slightly convex, with a broad shallow 
inns: cardinal area of moderate width; slightly concave, elevated 
beyond, or <lepressed below that of the brachial valve: delthyrium 
small, triangular: beak slightly incurved. Interior characters of 
the valve are like 0. pfcfinella but less sharply defined. 

Brachial valve strongl}' convex centrally, with the lateral i)ost- 
erior areas somewhat concave: cardinal area very narrow, slightly 
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concave, with a broad delthyriiim, which is occupied in part 
by a striated cardinal process. 

Plate xxxir, figs. 89-42. 

Formation and locality. Top of the Trenton shales at St. Paul, in 
association with 0. pectin^Ua and variety noeeneyi, Gannon Falls, Ken- 
yon, Fountain, and elsewhere in Minnesota; Neenah and Oshkosh, Wis.: 
McGregor, Iowa. 

Orthis meedsi var. germana. 

This variety is differentiated from the above species by the fol- 
lowing characters : Smaller in size and squarer in outline ; valves 
more strongly and evenly convex : hinge-areas nearly equally wide 
but narrower, with the beak of the pedicle valve slightly elevated 
beyond that of the brachial ; pedicle valve with a slight, some- 
what angulated fold, while the brachial ; has a shallow t)ut dis- 
tinct sinus which originates immediately below the apex of the 
valve. These produce a slight sinuosity in the anterior margin, 
the direction of which is the reverse of that in 0. ineethi. 

Plate XXXII, figs. 48-45. 

Formation and locality. Not rare in the Galena formation at a horizon 
which is about 80 feet above strata holding Clitambonites diversa at several 
localities south of Cannon Falls, near Kenyon and Fountain. 

Orthis proavita. 

Shell of medium size; subquadrate; hinge line eijual to, or a 
little less than the greatest width of the shell; cardinal anglen 
rounded or rectangular; sides gently convex and converging to a 
more or less flattened or slightly concave anterior margin. Sur- 
face marked by simple, sub-angular striee having their origin at 
the apex of the valves or immediately below it, addition taking 
place by interpolation on the brachial and bifurcation on the ped- 
icle valve; one to three stria; terminating on the cardinal margin 
on each side of the umbo; 36 to 42 in number on mature exam, 
pies, crossed by a variable number of iml)ricating growth lines 
near the anterior margin. In some of the specimens the anterior 
margin is sharply reflexed as by old age. 

Pedicle valve has an insignificant mesial elevation. Area com- 
paratively narrow ; delthyrium broad, triangular, two-thirds oc- 
cupied by the cardinal process of the other valve : beak somewhat 
incurved. Interior characters as in 0. inhquadrnta. 

Brachial valve more or less strongly convex, greatest elevation 
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about mid- length. A shallow, or sometimes well pronounced 
broad sinus is present, having its origin in the upper third of the 
valve. Area narrow, i>eqiendieular or slightly inclined forward. 

Differs from 0. iphigenia Billings, in having the fold and sinus 
reversed, and less number of strije. 

Plate xzzii, figs. 51-58. 

Formation and locality. Not rare in the upper portion of the Hudson 
River group at Spring Valley. 

Zygrospira uphami. 

This species occurs in the Galena limestone al)Out 50 feet alx)ve 
the layers holding Z. rrcurvirostrU in abundance. Its general 
expression shows it to be a descendant from Z. recur vi rout n:( but 
differing from it in its much larger size, stronger convexity of 
the valves and somewhat finer striie. The last feature is more 
apparent than real, due to the greater size of Z. uphami. Some 
specimens from which the shell has pailially l)een exfoliate<l, 
show the interior of the pedicle (ventral) valve to have a strong 
muscular cavity extending from the hesk to about one thiixl of 
the length of the shell. From the antero- lateral margins of the 
area originate two prominent, diverging ridges, probably the 
markings of the main trunks of the vascular system, which l)ecome 
obsolete near the front margin. The crural plates of the brachial 
valve are ver}' strong, and at their bases coalesce with a stout but 
rather short median septum, upon each side of which posteriorly 
are situated two depressions of the adductor scars : the second 
pair undefined. 

Z. vphami is the linking s|)ecies between Z. rcvurvirostins 
and Z. erratica Hall, and Z. heatli Billings. Its nearest relations 
are with Z. erratica. 

Plate XXXIV, figs. 45-48. 

Formation and locality. Middle of the Galena horizon at Weisbaclrs 
dam, near Spring Valley, and near Wykoff and Fountain. 

Hallina, u. gen. 

Shells small, articulate, rostrate, biconvex, semi-plicate. Ped- 
icle opening boundetl laterally by incomplete deltidial plates. 
Calcified brachial supports comparatively long, somewhat longer 
than one-half the length of the brachial valve, and in form much 
as in Waldheimia, The detailed structure of the articulating and 
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cardinal processes is unknown. In thin sections it is shown that 
the crural plates of the brachial valve do not converge meiUally 
and join with the posterior end of the median septum as in Wald- 
hi'unia. but that they probably coalesce with each other: a med- 
ian septum is not present. Muscular scai*s undetermined. Shell 
structure impunctate. distinctly fibrous. 

Type. Hallina saffordi, n. sp. 

Named iu honor of the veteran paUpontologist, of Albany, N. Y. 
Hiilllna sdffordi and H. nicolleti do not show a punctate shell 

structure, cither in thin section or on the exterior surface of the 
shell. The rudimentary deltidial plates, absence of a median 
septum in the brachial (doi'sal) valve, and the impunctate shell 
structure will distinguish Ifnllinn from Wahihtimut and related 
genera. 

This is the earliest known terebratuloid genus, and it is repre- 
sentee! by two abundant and widely distri])uted species 



Hallina saffordi. 

Shell ver}' small, rostrate, regularly elongate, oval, striate and 
evenly ])i-convcx. Pedicle (ventral) valve somewhat more convex 
than the other; point of greatest elevation al)out mid-length, 
slightlv carinated, but otherwise evenlv convex in all directions, 
Beak strongly incurved, but not in contact with the umbo of the 
brachial valve, with a small pedicle opening which is partially 
surrounded anteriorh' by incomplete deltidial plates. Teeth 
well develo})ed and supported by delicate, strongly obliejue dental 
plates; other interior characters undefined. 

Brachial valve evenl\' convex with a very shallow sinus in the 
anterior half. Brachial supports straight from the crural plates 
for a short distance forward, then bending l)ack wards and later- 
al l}*, turn and proceed forwards a short distance iK*yond mid- 
lengtli, and nearly parallel to each other, where they bend rather 
abruptly upwards, and medially join at a point which isatal)out 
one-half the k^ngth of the calcified brachia. Thin sections do 
not show strongly thickened crural plates, nor a median septum 
amalgamattnl with the former at the jiosterior end. There is pi*ob- 
ably a small cardinal process present. 

Surface marked with from 15 to 20 subangular stria?, which 
terminate on the posterior third of the valve: no concentric lines 
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of growth observable. Shell structure fibrous and apparently ini- 

punctate. 

Plate XXXIV, figs. 55-58. 

Formation and locality. Common iu the **61ade*' limestone at Lebanon, 
Tenn.; also near the top of the IMrdseye limestone at High Bridge, Ky. 

Hallina nicolleti. 

Shell small, rostrate, biconvex, oval or sub-circular in outline. 
Pedicle (ventral) valve convex; i)oint of greatest elevation about 
mid-lenarth, with a shallow, verv narrow sulcus down the centn\ 
Iwrdered on each side with a low rounded ridge, which towards 
the anterior margin becomes more prominent. The antero- lateral 
limits of the shell may be smooth, or with as many as five low- 
rounded plications or marginal undulations. Beak strongly in- 
curved, and with a small, oval pedicle opening, bordered by rudi- 
mentary deltidial plates on each side. 

Brachial (dorsal) valve evenly convex, and trilolKMl toward the 
anterior margin; in some specimens the lateral lol>es may have 
iis many as six low rounded plications along the front margin. 
Calcified brachial supports much as in IlaUinn saffurdi, except 
that the outer bands are curved laterallv, while the anterior, 
recurved portion is shorter. Aiticulating pi"ocesses and muscular 
scars unknown. • 

Ha nihil lucolh'ti is an easily recognized species, in its small 
size and camarelloid exterior. It diflfers from IlalUna saffonfi 
in the fold and sinus, and the usually obsolete marginal plica- 
tions. Us associated species are the same. 

Plate XXXIV, figs. 59-62. 

Formation and locality. Abundant in the upper tliird of the Trenton 
limestone at Minneapolis, Mantorville, St. Charles, Rochester and Foun- 
tain. Also at Decorah, in Iowa, and Beloit, Wis. 

Rhynchotrema InaBquivalvis var. laticostata. 

In the shales of the lower ix)rtion of the (jalena south of Can- 
non Falls R. innqnivalris { = R. uicn.hfxcens) often attains a far 
greater width than is usual for the species. The four plications of 
the fold are closely arranged, while the five or six on each side of 
it are spread out, and are therefore larger than in that species. 
The junction of the two valves along the anterior margin is also 
more largely flattened. These specimens if found alone would I k» 
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regarded at once as a distinct species. Their development begins 
in tlie upper iK)rtion of tlie Trenton shales, where specimens are 
occasionally picked up at St. Paul. It is, however, not until this 
species is found in association with Clitambomteti ilivtrsa Shaler, 
that the varietv becomes common and attracts one's attention. 
In the Trenton of New York and Kentucky occasional specimem*' 
are met with approaching var. laticostata^ but none of them are 
so strongly transverse as the Minnesota individuals. 
Plate XXXIV, figs. 26-29. 



THE DRIFT OF THE NORTH GERMAN LOWLAND. 

RoLLiN D. Salisbury, Madiiwn, Wii*. 

Dr. Felix Wahnschaffe, of the German geological survey, has 
recently issued a small volume entitled **The Causes of the Sur- 
face Form of the North (rerman Lowland."* As the title indi- 
cates, the volume is primarily geographical, but it discusses the 
geography of the area under consideration from the geological 
standpoint. The book is particularly welcome to American 
glacialists, since for the first time it presents in compact form the 
general conclusions which have thus far been reached in Germany 
in the field of glacial geology, and affords a convenient and ade- 
quate basis for a comparison between the corresponding phenom- 
ena of (lermany and th^ United States. Most of the publications 
on the glacial geology of Germany, which have heretofore ap- 
peared, have been special reports on circumscribe<l areas. These 
publications have not been widely distributed, and are not so well 
known to American geologists, as could be desired. Dr. Wahn- 
schaffe's publication will therefore be of great interest and service, 
since it will aid in correlating the phenomena on opposite sides of 
the Atlantic. It is the purpose of this article to review the salient 
features of Dr. Wahnschatfes volume, and at the same time to 
make some suggestions concerning the correlation of German and 
American glacial formations. 

The volume has many excellencies. The author's sense of 'pro- 
portion is good, and si>ecial iK)ints are not magnified at the ex- 
pense of other e<iually important ones. The book does not at- 
tempt more than it accomplishei. In (Jermany, no less than in 

*Die I'rsachen der ObertliicheDgestaltung des Norddeutscheu Flach- 
landes. pp. 10(J, Stuttgart: Verlag von J. Engelhorn. 1891. 
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America, there are many quentions connected with the formations 
-of the ice age, concerning which there is not unity of opinion, 
and individual opinions are held, with certainly not less tenacity 
in G-ermany than in America. It is a conspicuous merit of the 
volume before us, that the author has stated with much fairness 
and discrimination the conclusions of other geologists where they 
do not agree with his own. In his copious bibliographical notes, 
the author shows his intimate familiarity with the literature of his 
subject. This is true not only of Germitn literature, but of that 
of other countries as well. Although we are compelled to dis- 
sent from some of the conclusions reached by Dr. Wahnschaffe, 
and although we could have wished a fuller discussion of some of 
the questions involved, the volume is nevertheless a verj' satis- 
factory discussion of the glacial formations of- the area under con- 
»4ideration. The order of treatment is generally historical, so that 
the volume gives us a sort of history of the evolution of opinion 
concerning the glacial formations of the territory descril)ed. 

The questions of glacial geology have l)een studied for the most 
part independently in (irermany and in the United States. It is 
gratifying to obsen'e how closely the conclusions arrived at by 
the geologists of the one country agree with those of the other. 
Yet there are some points of difference. In some crises these 
differences are hardly more than verbal, and yet these verbal 
differences have more than once given rise to misundei*standings 
and to controvera}'. In other cases the differences are radical. 
The differences in the Prepleistocene geolog}' and topography of 
the ice-invaded territory of Germany and America may l^e largely 
responsible for the difference in the history of opinion in the two 
countries. The differences in the methods of work have likewise 
helped to develop diverse interpretations. It is interesting to 
note that the differences between the present conclusions of Ger- 
man and American glacialists are much less considerable than 
those of an earlier date. 
Topograph tf iuhI Relief of North Germany due mainly to Drift. 

Xh. Wahnschaffe devotes a chapter to the discussion of the re- 
lations of the Prepleistocene formations of north Germany to the 
present surface. His conclusion, which seems to be well founded, 
is that the relief and topograph}* of noith Germany are mainly 
due to the dis)>osition of the drift formations. A table of deep 
borings extending through the drift into the Prepleistocene fonna- 
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tions below, revetils the interesting fact that in many places the 
upper surface of the Prepleistocene formations is below the level 
of the sea. Were it not for the drift., a very considerable i)ortion 
of Doith (Jermany would be covered by salt water. In several 
places where the depth of the drift is known, its lower surface is- 
more than 100 meters below the level of the sea. In one place 
its lower surface reaches the astonishing depth of 1()9 meters be- 
low sea- level. 

The disturbances of the Prepleistocene formations by ice-pres- 
sure during the glacial period are discussed. The conclusion is 
reached that such disturbances, resulting in the folding and dis- 
torting of strata, were widespread, but that they did not attain 
such proportions as to exert an important influence upon the geog- 
raphy of the region atfected. 

Tliichnei^H of drift. The chief interest in the lK><)k centers in 
the discussion of the glacial formations themselves. The thick- 
ness of the drift presents variations not less than those which 
characterize the corresponding formation in our own country. In 
many localities the depth of the drift is more than 100 meters. 
The greatest depth given is 171 meters, but even at this depth the 
lK)ttom of the drift had not been reached at this locality. One 
hundred and seventy-one meters is somewhat more than the great- 
est thickne.'^s of the drift known to the writer in the United States. 
The nveragt* depth of drift on the north (icrman '^flatland" is 
probably greater than that over most areas of expial extent in our 
own country. This is no doubt in part the result of the softer 
character of the formations over which the ice there spread. 
Tiiey were more easily eroded, and to a greater depth were con- 
verted into drift. 

At the begiiuiing of the chapter which discusses the etfect of, 
tiie ice upon the geography of north (Jermany, the author reviews 
the history of opinion concerning the drift of (icrman}'. This 
involves a review of the history of opinion concerning the glacial 
hypothesis, from the time when it was shown to be impossible, to 
the time when, in spit<». of its impossibility, it was demonstrated. 
I'his is not the first time that that which was believed to be math- 
ematically impossible has proved to be true, particularly in geol- 
ogy. (Concerning tiie application of mathematics to geology Dr. 
Wahnsehatfe (piotes approvingly the statement of F. von Rich- 
thofen: "Mathematical calcuhition is inclined to take too little 
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cognizance of the facts which are established by observation, and 
in their stead to start from premises which have nothing to do 
with the problem in hand. The result is that mathematics, by 
very painstaking methods, sometimes reaches results which are 
altogether without value for the explanation of the real relations 
of things.' (p. 62.) 

Striff. One of the striking differences l>etween the glacial 
phenomena of German}' and America is the paucity of strijv in 
the former countr}'. The ice there invaded territory whose 
formations l)olong largel}' to the Cretaceous, Eocene and Neocene 
periods. They are unindurated and therefore not adapted to the 
reception and retention of stria?. These formations contributed 
generously to the drift, and were finally deeply buried by it, so 
that rock exposures are relatively rare. The strong contrast i)e- 
tween the two countries in the matter of striiecan hardlv i>e more 
forcibly ilhistrated than by indicating that within the space of ten 
pages the stride of each known locality in (Jermany are not only 
mentioned, but discussed, as well iis such other phenomena of 
glaciation, — planation, polishing, rochet* iiiOHtouners^ etc.", -as 
are intimately connected with strite. Since stria? on bed rock, and 
their accompaniments were at the outset regarded as the most 
convincing proof of an ic«» sheet, and since the surface* inferior 
to the drift in (lermany is rarely exi>osed, and since these ex- 
posures are rarely of such material as to exhibit strije, planation, 
etc., it is not strange that the glacier hypothesis did not find so 
rea<ly acceptance in (Jermany as in our own country. 

Till nun' nly snhijhiridL The till of (lermany Dr. Wahnschalfe 
regards as almost wholly subglacial. While admitting the possi- 
bilit}' of su])erglacial till, he does not regard it as having auy 
consi<lerable development in (lermany. In this respect Dr. Wahn- 
schatfe's opinion is sharply ill contrast with that of some Ameri- 
can geologists, who hold to the idea of very consi<leral)le thick- 
nesses of superglacial till overlying the subglacial, and in con- 
sonance with the view of other American g(*ologists who believe 
that superglacial material has but relatively slight development in 
our country. The rea.sous assigned (pp. 82-*^) by Dr. Wahn- 
schatfe for classifying essentially all the till as subglacial, would 
not be of force as applied to material transferred from a sub- 
glacial to a superglacial i)ositiou, if such transference takes place. 
And such transference is assumed to be possible (p. 8«»). The 
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references cited in support of the |X)sition that subglacial material 
may become superglacial, are based on observations on existing 
Alpine glaciers. Here the supposed transfer of stony material 
from the bottom of the glacier to its upper surface is accompanied 
by conditions which would not exist, or which would not exist to 
the same extent in plane regions. I believe it is true that the 
transference of subglacial material to a superglaciai position is 
facilitated by these conditions, if not entirely dependent on them. 

The ice-sheet which invaded (lermany had descended from a 
mountainous region. The ice-sheet which invaded the United States, 
while it descended from high lands, did not start from, or pass over, 
a region nearly so mountainous as that of Scandinavia, from which 
the German ice-sheet took its source. It would be expected there- 
fore that Germany would be more favorable territory than the 
Ignited States for the development of superglaciai till, whatever the 
process by which it became supei glacial. Under these circum- 
stances it would seem that if any difference exist between the quan- 
tity of superglaciai till in the two countries, Germany should have 
the more. Dr. Wahnschatfe's opinion as to the paucity of super- 
glacial till in Germany is therefore significant, and is in harmony 
with the writer's opinion concerning the same sort of till in the 
United States. 

TUv, Ground Moraine,. Dr. Wahnschatfe discusses the method 
of transportation and deposition of the ground moraine. The 
views of the various German Geologists who have expressed opin- 
ions uix)n the subject are cited and discussed. Ileim is cited as 
holding the opinion that material can be carried forward beneiitli 
the ice onlv where and when it is frozen to the ice itself. Haas 
introduces variety, if not value, into the series of opinions con- 
cerning the method of deposition of the ground moraine, by sup- 
posing that wherever the thickness of the ice was considerable, its 
weight must have converted its lower i)ortion into water, so that 
l)etween the ice and the land surface beneath it there was a layer of 
water in which the deposition of the till took place, and that the ice 
really rested upon the land surface only near its margin where its 
thickness was not great. From this view Dr. Wahnschaffe dissents. 
He advocates the view — so far as the writer is aware the only one 
ever held by glacialists in America — that the ground moraine was 
accumulated gradually beneath the ice. The lower portions of 
any considerable iKxiy of till in any given locality, are therefore 
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older than the upper, by some shoit period of time, at least. In 
support of this position, bowlder pavements and isolated bowlders 
HI beds of till are cited, whose upper surfaces were striated by the 
passage of the ice-current over them, after they had ceased to 
move. The only reference which Dr. Wahnschaffe makes to the 
amount of material which can be cajTied beneath the ice at any 
given time is the citation of Penck's opinion that till to the thick- 
ness of several meters may be carried beneath the ice at one time. 
Wo should have l)een glad of Dr. Wahnschalfe's opinion concern- 
ing the positions in which ground moraine material is deposited, 
with reference to the margin of the ice. But to this point we And 
no reference. 

Two Glacia 1 Epochs. The history of opinion concerning the u nity 
or otherwise of the glacial period is discussed, though less fully than 
geologists could have wished. The meagemess of the discussion at 
this point is probably the result of the fact that the object of the 
book is primarily geographic, rather than geologic. Dr. Wahn- 
scbaffe believes that there were two glacial epochs, and most of 
the German glacialists hold the same view. The evidences cited 
for a bi-fold division of the drift, and therefore for two glacial 
epochs, are mainly (1) the existence of vertebrate remains in the 
beds of suud and gravel which separate beds of till in the vicinity 
of Berlin : (2) beds containing marine shells in like stratigraphic 
l)osition at various localities in the northern part of (xermany; 
ami (8) diatomaceous earths, likewise between beds of till. Most 
weight is attached to the first line of evidence (-p. HI). Dr. Wahn- 
schatTe recognizes the i)ossil)ility that the diatomaceous earths 
might have accumulated near the edge of the ice in situations tem- 
jx)rarily abandoned by it, during the retreating phase of an oscil- 
latory movement. Under these circumstances, the next advancing 
phase of the ice's oscillatory movement might bury the diatoma- 
ceous earths beneath a new bed of till. In view of this iK)ssibility 
Dr. ^A'ahnschat^e i>oints out the fact that these diatomaceous 
earths interbedded with till do not necessarily indicate an inter- 
glacial ejwch. Neither does our author regard the deposits of 
marinii shells as conclusive. Many of them are not known to be 
in the i)osition in which they were deposited by the sea, and the 
various shell beds have not been correlated with each other with 
any degree of certainty. They appear to belong to more than 
one horizon. Those marine shell beds which retain the i>osition 
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in which they were deposited b}' the sea, must mean a recession 
of the ice sufficient to allow the sea to occupy the area where they 
occur. But the question might be legitimately raised whether a re- 
cession of the ice no greater than these shell beds would necessitate, 
must necessarily be interpreted as proof of two glacial epochs. 
Such recession, particularly if of short duration, might be looked 
upon as no more than a great oscillation of the edge of the ice. 
The vertebrate remains in the sand and gravel layers between l)eds 
of till in the vicinity of Berlin, would seem to us to have the same 
significance as the shell beds. So far as these fossils indicate a 
temperate climate, their significance as indicating a genial inter- 
glacial interval, is increased. Dr. Wahnschaffe does not give the 
species represented in these fossil beds, nor does he indicate the 
climatic conditions to which they testify. But if we are rightly 
informed, they are fossils of species which do not indicate a climate 
of great severity. The abundance of terrestrial mammalian re- 
mains in the gravel and sand separating beds of till in cei'tain re- 
gions, is perhaps more significant than the abundance of marine 
shells in corresponding situations, since the mammalian remains 
accumulate more slowly. 

The evidences of more than one ice epoch which are most strongly 
relied upon by glacialists in America, are not brought out in the 
treatise before us. It would seem either that the evidences do 
not'exist in Germany, or that they have not been made use of. The 
author (loes not indicate that there are in Germany (1) soils rest- 
ing upon till or any form of older drift, buried by later glacial 
formations, lie does not indicate that there are (2) beds of drift 
whose surfaces are much weathered and deeply oxidized, now buried 
by later drift deix)sits, whose surfaces are much less weathered 
and oxidized ; nor does he, in this connection, emphasize (H) the 
difference Iwtween the amount of sub-aerial erosion suffered b}* 
the surface overspread with the drift which is regarded as first 
glacial, as compared with that suffered by the surface overepread 
with drift which is reganled as second glacial. In another con- 
nection, the fact is referred to that the lakes of German v lie for 
the most part in and north of the Baltic ridge which crosses Ger- 
many in a course roughl}' concentric with the north (lerman coast. 
This lake area lies wholly within the limits of the second glacia- 
tion, according to Dr. Wahnschaffes interpretation, but the 
abundance of lakes in the Baltic ridge and north of it. is not 
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cited as evidence of the greater youth of the surface of this re- 
gion. Nor does Dr. WahnschatTe refer (4) to the more extensive 
disintegration of the bowlders of the drift in the southern part of 
Germany, as compared with that of the bowlders in the northern. 
Differences in the direction of the movement of the ice at differ- 
ent times, as indicated by differences in the direction of strise, and 
especially as indicated by the different regions from which material 
was successively transported to a given region, also constitute a 
valuable criterion when taken in connection with the points above 
stated. In his chapter on striae Dr. Wahnschaffe refers to the 
phenomena which indicate different directions of ice movement. 
But in discussing the question of two glacial epochs, these diver- 
gent movements are not made to support the theory of two ice 
epochs. 

The foregoing ai*e among the criteria which are especially relied 
uix>n in America as proving a recurrence of glaciation at widely 
separated intervals. We believe they are much safer and more 
widely applicable criteria than those given in the volume before 
us. My own study of the drift formations of (lermanj' in 1887 
and 1888 convinced me that the third and fourth points stated 
above are as well illustrated in ( Germany as in America. In my 
judgment the}' are of more significance as indicating a long in- 
terval between the deposition of the earliest and latest glacial 
formations in (rermany, than all the fossil remains of whatever 
sort, which have vet been described. 

Extent of Second Glaciation. As in America, the extension 
of the ice in Germany, in the second epoch, according to our 
author, was much less than in the first. The limits of the last 
ice advance however are still in doubt. It extended at least so 
far as to cover the eastern part of Schleswig-Holstein, Mecklen- 
burg, a large part of Brandenburg, Pommern and East and West 
Preussen. While some of the German geologists would limit the 
second ice invasion in the western part of German}' to the lower 
course of the Elbe, Dr. Wahnschaffe believes that there is suffi- 
cient evidence that it extended further south. He finds traces of 
the work of the ice sheet of the second epoch in the vicinity of 
Magdeburg, lie also believes that the bowlder- bearing sand which 
covers the ^'Lunehurger Ifeide/' southwest of the Elbe, is last 
glacial. The basis for this conclusion concerning the sand of the 
^^Lnui'hfnycr ffcide" is not fully given. A single crossing of the 
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Heide in 1887 led me to the belief that the surface formation was 
not last glacial. But Dr. Wahnschaffe's conclusion doubtless 
rests on much fuller data than my own. 

Nomenclature. The classification and nomenclature employed 
in mapping the drift of north Germany is so different from that 
to which the American geologists are accustomed, that both the 
maps and the accompan^'ing descriptions are liable to misinterpre- 
tation unless one is familiar, in advance, with the exact meaning 
which is attached to each particular term. Many of the terms in 
use are the same as those employed in America, but the signifi- 
eance attached to some of them is altogether different. In Amer- 

• 

ica, for example, the term upper till — a most unfortunate name 
— is generally understood to mean englacial or superglacial till. 
In (rcrmany, the same term (oherer Geschieheniergel) has a very 
different signification, and to one not posted concerning the tech- 
nical meaning of the term, a most deceptive one. The term itself 
might suggest the till of the last glacial epoch as distinct from 
the till of greater age, but this is not its meaning, though no till 
is **uppcr ' till {oherer Geachlehemergel) which is not of last glacial 
age. But not all of the till of the second glacial epoch is classed 
as ** upper'' till. 

A mantle of bowlder-bearing sand frequently covers the till of 
the last glacial epoch. The same sand sometimes rests upon the 
older drift. Whether this super-till mantle covers second glacial 
till, or whether it rests uix)n the earlier drift where the later failed 
to be deposited or preserved, it is known as ' *upper bowlder-bear- 
ing sand' {oherer (JeHchirhemnd)^ or, briefly, as **upper sand*' 
{oherer Sand). If I undei'stand correctly the meaning of the 
terms, the bed of till immediately beneath the **upper sand" is 
classed as * 'upper till" {oherer Genchiehemergel), if it be, or if it 
Ik* believed to be, last glacial. The same bed or till, if not cov- 
ered by the mantle of 'Hipper sand," is likewise "upper till.*' 
The '»upper till" of an\' given locality is therefore the uppermost 
layer of second glacial till, which there exists. If there be sev- 
eral layera of second glacial till separated by beds of sand or 
gravel, as is often the case, only the uppermost of these several 
beds is '^upper till," while all the other la3'ers of second glacial 
till are grouped with all the layers there may be of first glacial 
till, as »^lower till" {unterer Gesehiehemergel.) 

Just as the uppermost layer of second glacial till in any place 



Drift of the North German Lowland. — Salti*bu7*i/. 303 

constitutes '*upper till"* {oherer Gescliieheniergel), so the upper- 
most layer of.sund, if it overlie the uppermost hiyer of second 
glacial till, or if it be the stratigraphic equivalent of that which 
overlies the uppermost layer of second glacial till, is **upi>er 
sand!' {oherer Sand), All second glacial sands which lie between 
beds of second glacial till, or below the lowest of them, are classed 
with first glacial and inter-glacial sand, as '^lower sancl" (unterer 
Sand). The infelicity of this classification and nomenclature is 
alluded to by Dr. Wahnschaffe, although it has been found to be 
a classification which is serviceable in mapping. Interpretations 
have changed since the existing nomenclature was adopted, but 
the nomenclature has not changed to correspond with the newer 
interpretations. 

The **upper bowlder-bearing sand" often immediately overlies 
a layer of bowlderless, stratified sand, whose proper stratigraphic 
position is said to be beneath the ' 'upper till. " This stratified sand 
is not understood to be '*upper sand." Because of this strati- 
graphic relationship, the lx)wlder-bearing sand at the surface is 
looked upon as the remnant of a layer of * 'upper till'' which has 
escaped removal at the hands of glacio-natant and post-glacial 
waters, while the finer clayey parts of the till were carried away. 
In this case therefore the * 'upper sand" is a remnant of the 
"upper till'' and is really its equivalent. We do not understand 
that the uppermost bed of till, lying below '"upper sand," but 
separated from it by a bed of stratified sand, whose stratigraphi- 
cal position is below the "upper till,'' would be classed as "upper 
till,'' even though it be the uppermost existing bed of second 
glacial till. The idea that the "upper sand" is a residue of "up- 
per till," formed as indicated, seems to be a prevalent one. It is 
in this category that Dr. Wahnschaffe places the bowlder- bearing 
sand which covers the ^''Lunehurger Hcide. " As already indicated 
the reasons given for such reference (p. 96) do not appear to me 
to he. conclusive. Indeed none of the reasons assigned for be- 
lieving that the ice, in its second invasion, crosse<i the Kibe in 
western Germany, seem to me to carry conviction. 

Dr. Wahnschaffe, as well as other German glacialists, recog- 
nizes the fact that within the formations of second glacial age 
there may be, and in many cases are, several beds of till separated 
from each other l)y layers of sand and gravel. While American 
glacialists are fully agreed with Dr. Wahnschaffe that several 



304 The Amenran G^'ologltit, May, \m» 

beds of till separated by layers of sand may arise within the 
period of one glaciation, we shall be likely to dissent from his 
implied (though not explicitly stated) conclusion, that everj' bed 
of sand interstratified with till, records a retreat of the ice, bar- 
ing tlie surface on which the sand accumulated, and that each bed 
of till overlying such bed of sand, records a re-advance of the 
ice. T am not authorized to speak for American glacialists in 
general, but J hold it altogether possible that the deposition of 
till ma\' be succeeded by the deposition of stratified sand, and 
this again hy till, beneath the marginal portion of the ice, inde- 
pendent of any change in the position of the ice's edge. If each 
of the several layers of till which ma}' locallj' alternate with sand 
were continuous over wide areas, and if the intervening layers of 
sand were also continuous over wide areas, oscillations of the ice 
margin would seem to best explain the phenomena. Dr. Wahn- 
schaffe does not indicate whether or not this is the condition of 
things in Germany. It would be a condition of things mostdiffi> 
cult of demonstration if true. From my acquaintance with the 
German drift, T do not think it generally true, and I see no reason 
for assuming an oscillation of the ice's edge for each change from 
ice to water deposition, within the body of the last glacial drift. 
It is not to be understood that the writer is arguing against oscil- 
lations of the ice's edge. 8uch oscillations, both seasonal and 
periodic, are believed to have occurred, and these oscillations may 
have given rise to many alternations of till and sand. But it is 
not deemed necessary to assume oscillations of the ice's edge to 
explain all alternations of till and sand. 

T^tpitgraphif of the y round nwratne. Two distinct types of 
topography are represented by the ground moraine, according to 
the volume before us. Tn the one case the surface is plain or 
but slightly undulatory, and more or less dissected by valleys, 
some of which are dry. Within those areas of ground moraine 
where the topography is of the plainer type, there are occasional 
sharp sinks of limited size, sometimes occuring singly, and some- 
times in series. Many of these depressions have ])ecomethe seat 
of ponds or l)Ogs. Their existence is attributed to the action of 
water plunging down through crevasses from the surface of the 
ice, and wearing hollows in the land surface below. 

The second type of topography which characterizes the gix>uud 
moraine, as classified by the German geologists, is designated 
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••ground moraine landscape" {Grundmonijienlandscha/t), the most 
characteristic feature of which is its **rapid changes of level" 
within short distances. This topography is further described as 
follows: **Betweenthe numberless ridge- and mound-like eleva- 
tions, which are altogether without order in their arrangement, 
e an equal number of depressions, giving to the surface a broken 
aspect. The elevations enclose countless roundish ponds and 
marshes, largely filled with peat and swamp deposits, as well as 
larger and more or less irregular swamps and lakes. This abun- 
dance of lakas and marshes is sometimes * * * * so great 
that upon the maps the till surfaces between them appear almost 
sieve-like."' (p. 9(>.) 

The region where the typical ^ Aground moraine landscape" is 
iH^st exhibited is stated to Ix^ along the Baltic ridge (p. 96), with 
which this type of topography appears in general to be intimately 
connected. It would appear from Dr. WahnschafTe's description 
(pp. 97-8) that the constitution of the drift where this type of 
topograph}' is developed is more sandy than is common to the 
ground moraine in other regions. The elevations within this Bal- 
tic ridge are said to be composed largely of sand and gravel over 
which there is frequently a layer of till. 

In discussing the origin of the depressions which mark the 
^'ground moraine landscape" Dr. Wahnschaffe follows his usual 
plan of giving the opinions of other geologists as well as his own. 
E. Geinitz would attribute them chiefly to the eddying action of 
waters during the time of the melting of the ice. Against this 
view Dr. WahnschatTe argues that the depressions were already 
in existence at the time of the deposition of the uppermost layer 
of till, since this lines them and mantles the adjacent elevations. 
He maintains that their origin is therefore earlier in time than 
the melting of the hist ice sheet. Upon the topography of the 
* Aground moraine landscape" of the Uckermark, Dr. Wahnschaffe 
insists that the waters arising from the melting of the last ice- 
sheet had no considerable influence. In this view he is supported 
by Drs. Kellhack and Schrocder, and their position seems to be 
irrefragable. 

The origin of the topography which has been designated 
'^ground moraine landscape" (Grundmordnenlandschaft) has been 
much discussed by those who have had to deal with it. Vaiious 
views concerning its production prevail. Among the factors 
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cdmmonl}' believed to have contributed to its development, most 
of the German geologists appear to give a prominent place to ice- 
pressure, which is conceived to have bulged up drift material at 
the edge of the ice, producing hummocks and short, discontinuous 
folds. Dr. Keilhack places the development of the * 'ground 
moraine landscape" topography under consideration, beneath the 
oscillating margin of the ice, at the time when this margin stood 
along the line of the Baltic ridge, during the last glaciation. He 
•ascribes it to the unequal accumulations of drift beneath the mar- 
gin of the ice, and to the irregular bulging of the drift, effected 
by the pressure of the ice. Similar topography north of the Bal- 
tic ridge, is believed to have been produced in the same manner, 
at a later time, when the edge of the ice had receded to the posi- 
tion where such topography occurs. Schroeder is quoted as ad- 
vocating the view that the peculiar topography here described was 
developed beneath the ice during the time of its slow retreat (p. 98) ; 
but whether beneath the margin of the ice, or remote from it, or 
whether the peculiar topography is the result of unequal accumu- 
lation or of ice-pressure, is not indicated. 

Dr. "WahnschafTe believes that the * Aground momine landscape" 
was developed beneath the ice during its advance in the later ice 
epoch, and that the topography thus developed was not materially 
altered during the final retreat of the ice over the same region 
(p. 100), although the ice edge remained stationary on the ridge 
for some considerable period during its retreat. It is to be borne 
in mind that the topography here described is best developed 
along the "Baltic ridge," which is in a general way concentric 
with the shore of the Baltic. Dr. Wahnschaffe sees much sig- 
nificance in this position. He points out the fact that this sort 
of topography stands in a similar relation to great basins in vari- 
ous other parts of the world. In northern Italy, ridge-like belts 
of drift with a similar topograph}^ border the Italian lakes on the 
south. In the Bavarian Alps similar ridges of drift rise higher 
than the basins enclosed within them. More conspicuous exam- 
ples of the same relationship in America are referred to, where 
thickened belts of drift (our terminal moraines) exist, in a general 
way concentric with the Great Lakes of the interior. 

Dr. Wahnschaffe' s conception of the relation of the Baltic 
ridge to the Baltic sea, is something as follows : The ice starting 
from the Scandinavian mountains descended into the Baltic basia 
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and filled it. As it advanced to the southward, it i*ose from the 
basin of the Baltic onto the higher land to the south, cariytng 
with it much material which it had scooped out of the basin, and 
especially, much that it gathered from the southern slope of the 
same, during its ascent to the land beyond. As the ice pushed 
out upon the land with its great load of debris thus acquired, its 
velocity was diminished. Where the greatest retardation took 
place, there would be the most extensive accumulation of glacial 
debris (p. 102). The site of this retardation and consequent ex- 
tensive accumulation is marked, according to Dr. Wahnschatfe, by 
the Baltic ridge, which indeed owes its existence largely to the 
accumulation of drift brought about in this way. The * Aground 
moraine landscape" is associated with the ridge, and is, according 
to Dr. Wahnschaffe, the result of this peculiar method of drift 
accumulation, for where the drift accumulation was greatest, there 
would it be piled up in rough topographic forms. The author sees 
no insuperable difficulty in believing that this sort of topography, 
developed beneath the advancing ice sheet, could be subsequently 
overridden by the further advance of the ice, without being de- 
stroyed. 

From Dr. Wahnschatfe's view concerning the origin of the 
**knob and basin" topography of the Baltic ridge, we are com- 
pelled to dissent. According to his view the last ice sheet ad- 
vanced far beyond the Baltic ridge, at least as far as Magdeburg. 
If this opinion be correct, the Baltic ridge must have been buried 
under a very great depth of ice. The Baltic ridge is a very con- 
spicuous ridge. In many places its topography is ver}' rough — of 
the pronounced knob and basin type. To suppose that glacier 
ice buried and oveiTode such a ridge with such a topography to 
such a depth as must have been if the ice advanced so far south 
as Magdeburg, is to attribute to the ice a degree of plasticit}^ 
which we are not prepared to admit. It seems to the writer that 
Dr. Wahnschatfe's position practically denies to glacier ice much 
power of erosion, even when overriding to great depth the rough 
surface of a conspicuous ridge, composed of loose sand, gravel, 
and till, while it attributes to the same ice extraordinary power of 
erosion in passing through the Baltic basin, a little further north. 
The depth of the ice in the basin was of course greater than that 
of the ice which passed over the ridge, and in its erosive action 
in the basin it possessed whatever advantage comes from increased 
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thickness. We are prepared to admit that the same thickness of 
glacier ice may effect very different amounts of erosion in diffei'ent 
regions ; but we are not prepared to admit that a rough ridge of 
loose materials, standing squai'ely athwart the direction of ic^ 
movement, would constitute a belt where the erosion would l>e 
slight, if the ice passed over it in any considerable thickness. 
Dr. Wahnschaffe does not deny eroding power to the ice. Against 
such a view the great body of drift which covers north Germany 
stands as an unimpeachable witness. But his conclusion eon 
cerning the origin of the topograph}' of the Baltic ridge seems to 
us to necessarily imply that the ice sheet which buried the ridge, 
and advanced many miles beyond it, was here essentially im|)o- 
tent, so far as erosion is concerned.. 

From what has preceded it will be seen th^t the ' Aground mo- 
raine landscape," arranged as it is in a great belt stretching across 
Germany, corresponds with the terminal moraines of North Amer- 
ica. The constitution of the drift where this topography prevails, 
confirms this correlation. This relationship Dr. Wahnschaffe 
recognizes (p. 101), but it is to be distinctly borne in mind that 
the Baltic ridge, characterized by the topography which marks 
the terminal moraines of the United States, is not regarded as a 
terminal moraine by Dr. Wahnschaffe, or by most of the other 
north German geologists. The view of professor Penck that the 
'^moraine landscape'' is the result of the intimate association of 
multiple terminal moraines (End mora ne), is more nearly in accord 
with the American view. But the formation to which the Ger- 
mans have commonly applied the name of terminal moraine 
{£ndnwr(ine),\s regarded by most of them as something very dis- 
tinct from the Baltic ridge. 

If the topography and the constitution of the Baltic ridge were 
not altogether conclusive in demonstrating its terminal morainic 
character, according to American classification, additional evi- 
dence might be found in the fact that it is bordered on the south 
by extensive plains of gravel and sand, corres[X)nding to our over- 
wash plains (p. 107). The constitution of these plains corresponds 
exactly with that of plains in similar positions in our own qountrj', 
being coarsest near the moraine and becoming finer and finer with 
increasing distance from it. 

The intimate relationship between the < Aground moraine land- 
scape '' (equal the terminal moraine of the United States) and great 
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•basins is, so far as the United States is concerned, mucii less gen- 
eral than Dr. Wahnschaffe seems to imply. While it is true that 
our terminal moraines surround lakes Erie, Michigan and Superior, 
it is also true that similar moraines fre(inently stand in no definite 
relation to well defined basins. The moraine loop which runs down 
into central Iowa, is not associated with any well-defined basin. 
The moraine crossing New Jersey and eastern Pennsylvania is al- 
together indei)endent of any Inisin, and if such drift ridges are 
sotnt'times developed independently of basins, they cannot he said 
to be dependent upon them. The depressions were of course in- 
fluential in determining the course of ice movement, and so in de- 
termining the position and form of the ice's edge, and it is the 
accumulation of drift made beneath the ice's edge while it was 
•stationary or oscillating, which constitutes, according to American 
iisage, the main part of the terminal moraine. 

The conception of American geologists concerning the origin 
of the terminal moraines (** ground moraine landscape " ), is not 
very different from the view of Dr. Keilhack concerning the origin 
of the Baltic ridge. It is believed that beneath various parts of 
the ice's edge, varying amounts of glacial debris accumulated dur- 
ing any given period of time. This in itself, would give rise to a 
submarginal ridge of unequal hight and width, wherever the edge 
of the ice remained constant in position for any considerable 
period. Every minor retreat of the ice may have been accompanied 
^y changes in the details of the form of its edge, and as the mar- 
gin of the ice changed both in position and in form, new accumu- 
lations of drift would l)e made beneath it, comparable to the first. 
When the ice re-advanced, never so little, its form might be again 
changed, and the submarginal accumulations would 1>e made in a 
new position and in a new form. Thus it is conceived that by re- 
peated retreats and advances within narrow limits, and by repeated 
alterations in the form of the ice-margin with or without general 
oscillations, the terminal moraine material was accumulated. The 
first condition for the development of a terminal moraine there- 
fore, is a stationary' ice mai^n, or a margin which oscillates 
backward and forward within narrow limits, while the details of its 
form are continually changing. The extent of these oscillations 
will be one of the considerations determining the width of the mo- 
rainic belt. The waters issuing from the edge of the ice, which was 
always melting, often worked considerable changes upon the ma- 
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terial de^xisited by tlie ice directly, changing both its topography 
and its constitution. Our terminal moraines are therefore looked 
upon as accumulations of drift, made beneath the oscillating but 
nearly constant edge of an ice sheet, more or less modified by glacio- 
natant waters. The irregularities of topography are regarded as- 
largely the result of unequal accumulation. Horizontal and ver* 
tical ice-pressure, as well the vigorous action of ice-water, con- 
tributed to the development of the rough terminal morainic 
topography. This seems to lie similar to the view of Dr. Keilhack, 
except that he would assign to ice pressure, a more important role. 
Endniorane. • The formation which has received the name of 
terminal moraine (Endmon'tnr) in Germany, is a narrow, wall- 
like ridge, or a series of steep mounds arranged in linear 
order. Its width for <me region is stated to range from 100 to* 
400 metei*s. For the same region its average hight is said to Ik' 
from five to ten meters, though it is occasionally considerably 
more. The slopes of the ridge, or of the more or less separate<i 
hills, have an angle of ;{0° to 40°. In some regions there are two- 
of these terminal moraines, the one l3'ing several miles within the 
other. These narrow ridges or series of mounds are made up 
largely of bowldci's. Their constitution and form have given 
them the name of '*l)owlder walls" {GcuvhiehiicuUv). In some 
cases, the finer material, sand, till, etc. , seems to hardly more than 
occup3' the interstices between the 1x)wlders. In other places, 
sand and till are more imi>ortant constituents. They sometimes- 
occur within the l)ody of the moraine {Endmonhu), interbcdde<r 
with those portions which consist essentially of bowlders, lin 
some cases, till mantles the ^'bowlder wall.'' In other places the 
terminal raomine (Eudmorihit') is composed essentially of strati- 
fied sand and gravel (p. 11 3X upon the surface of which only are- 
abundant large Ijowlders. The course of this ** bowlder wall " is 
somewhat irregular. (lenerally speaking, it is made up of a 
series of curves concave toward the direction from which the ice 
came. Locally, the sharp ridge may grade into a bowlder belt by 
widening, though it is expressh' stated that not all the bowlder 
Ixjlts of north (Jermany are to be regarded as the equivalents of 
this terminal moraine. In many regions this terminal moraine, or 
**bowlder wall," has not so great altitude as the **ground moraine 
landscape" with which it is closely associated. It courses over 
the surface of the greater Baltic ridge without much regard to the 
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topography of the latter, and while it is locally a very conspicu- 
•OU8 feature because of its sharp definition and wall-like cluiracter, 
it is quantitatively rather insignificant compared with the great 
ridge characterized by the * 'ground moraine landscape.'* The 
* Aground moraine landscape" topograph}' is generally best de- 
-veloped immediately within this terminal moraine {Endmorane). 
Outside the same, there are extensive areas of sand and gravel 
(overwash plains), whose surfaces show little relief. 

This diminutive ridge, to which, and to which only, the name 
terminal moraine is applied by the north German geologists, has 
no exact counterpart, so far as I know, in the United States. It 
.is explained by supi>08ing that the ice, in its retreat northward 
remained stationary for a somewhat protnicted period in the posi- 
tion which the little ridge now occupies. It is l>elieved to have 
il)een constructed out of ground moraine material, from which the 
finer parts were removed by the waters arising from the melting 
of the ice. The interlardings of till and stratified sand are ex- 
plained by supposing oscillations of the ice margin. AVhen the 
ice overrode the incipient ridge, it is supposed to have left a 
record of its transgression in a l>ed of till. When the ice re- 
treated, discovering the growing bowlder wall, this retreat is sup- 
posed to be recorded in the l^eds of stratified sand and gravel 
•which sometimes occur between the coarser materials of the 
moraine. This terminal moraine {Endniorane) has not been traced 
throughout its whole extent. It has been traced for considerable 
distances in the region north of Berlin, and is known at various 
points east and west of that region. By Dr. Wahnschafl'e it is 
not regarded as marking the limit of ice advance in the last glacial 
■epoch. So far as I am aware, it is not known except in connec- 
tion with the **ground moraine landscape" topography, though 
the universality of this relationship is not indicated by our author. 

Boinlder Belts. The bowlder belts into which the German term- 
inal moraine sometimes passes are identical in character w^ith the 
bowlder belts of the United States. The American bowlder belts 
iire believed to be accumulations of bowlders which were carried 
forward within the body of the ice (considerably above its base), 
and to have arrived at the surface of the ice before they reached 
its terminus, because of surface ablation. Transferred thus from 
an englacial to a superglacial position, they were carried forward 
upon the surface of the ice to its edge, and there "dumped" upon 
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the surface of the land. * Had the edge of the ice been constant 
in position for a long ]Xiriod of time, it is believed that these- 
bowlders would have accumulated in the fonn of a ridge, or 
'^bowlder wall/* That they are so spread out as to constitute a 
Iwwlder belt, instead of a '^bowlder wall," is thought to be evi- 
dence that the margin of the ice was not constant in position. 

I was fortunate enough to visit the terminal moraine of the 
Germans, in the localities which are described as typical, with 
Drs. Behrendt and Wahnschaffe in the summer of 1888. From 
the disposition and the form of the ridge under consideration, I 
was led to l)elieve, that, like our own lx)wlder belts, it was largely 
composed of materials which had ]>ecome superglacial before 
reaching the margin of the ice, and that the Ijowlder wall consti- 
tutes a good example of a **dnmp" moraine. Dr. Wahnschaffe 
urges that the ice sheet could have no superglacial material (p. 
107). But it is believed to 'be ix>ssible that material might have 
been received far up into the l)od3'^ of the ice in the course of its 
passage over the mountainous lands to the north, and that by 
surface ablation this englacial material arrived at the upper sur- 
face of the ice sometime l^efore it reached the limit of its south- 
ward journe}'. Under these circumstances, such superglacial ma- 
terial might possess many of the chai'acteristics of the ground 
moraine material. It would have been subjected to much more 
wear than would the material carried from the outset upon the 
surface of the ice. 

My conception of the con-elation of the German terminal mo- 
raine (Eu(inKn'ihir), and the * Aground moraine landscape" (Grund- 
nioriiunihtnihchaft)^ with the drift formations of the United States 
is this: The Baltic ridge, characterized by the * Aground moraine 
landscape" or ''knob and basin" topography, constitutes a belt or 
^•tangle" of terminal momines, accumulated beneath the oscillat- 
ing margin of the ice, when and where it was for a long time 
nearly stationary. This variety of terminal moraine lias lieen 
designated ''submarginal." The German terminal moraine 
(Endtnorihtf), resting upon this great submarginal terminal mo- 
raine, is a "'dump" moraine, accumulated during some minor in- 
terval of the time occupied in the accumulation of the greater 
moraine, when the ice edge was more constant than at other times, 

♦Chamberlin, Bulletin of the Geoloifical Society of America, Vol. i^ 
p. 28, 1890. 
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dumping its surface material along a tolerably definite line.' 
Where the line of dump was inconstant, the line widened to a belt, 
and here the **dump'' moraine became a bowlder belt, which is 
but a variety of a "dump" moraine. That this ''dump' moraine 
is to be distinguished from the greater belt with which it is asso- 
ciated is evident. The Germans have chosen to apply the name 
terminal moraine to this wall-like ridge alone. What corresponds 
to our main terminal (submarginal) moraine, they have designated 
ground moraine (Griiudmor/iitenhindschn/t), because it was accum- 
ulated beneath the ice. We have chosen to designate both the 
formation corresponding to their * Aground moraine landscajje, " 
and the bowlder belts associated, terminal moraines, because they 
were accumulated at the terminus of the ice. We have separatcni 
the two types, as distinct varieties of the general species, terminal 

moraine. 

So far as I am able to ascertain from Dr.WahnschafrcsvolumCy 

he regards the German terminal moraine as .accumulated beneath 
the ice and composed of ground moraine material. It is therefore 
not easy to see why the term Endnwrihie is moi*e applicable to it, 
than to the Baltic ridge, if this latter were fashioned as Dr. Keil- 
liack believes, Ijeneath the margin of the ice. According to Dr. 
WahnschatTe's view of its development, the designation terminal 
moraine would be inappropriate, since he does not believe it to 
have been made beneath the margin of the ice. Neither the Bal- 
tic ridge nor the Endmonlne mark the limit of ice advance in 
Germany in the second Glacial epoch, according to our author. 
In this respect the phenomena of Germany correspond with those 
of our own country, where the larger terminal moraines do not gen- 
erally mark the limit of ice advance, subsequent to the firat glacial 
epoch. My own conclusion concerning the relation l)etween the 
limit of the later advance of the ice. and the main terminal 
moraine, was the same as that of Dr. Wahnschaffe.* 

Knm€8{f) Associated with the terminal moraine, there are, in 
various places, hills and sharp ridges of stratified sand and gravel 
{DvrcfiragunffHzfige), partially, or sometimes wholly covered with 
upper till. These elevations are sometimes arranged in linear 
order, but the}' do not always sustain this relationship to each 
other. They may be more or less isolated, or may be so dis^josed 
as to form a Ijelt. The layers of the sand and gi*avel constituting 

♦Am. Jour. Sci. Vol. xxxv, p. 407, 1888. 
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the main part of these elevations verj- generallj* dip from the 
center outward. Where the elevations are elongate, the axis 
from which the layers dip is the same as the axis of the ridges. 
The surface of these hills and ridges is often marked by an abun- 
dance of lai^ge bowlders. The mantling till, where it exists, is 
continuous with the till which constitutes the surface of the 
^ Aground moraine landscape*' belt, in the immediate neighborhood. 
The association of these ridges and hills with the terminal moraine 
(Endmorane), has led Sohroeder to the belief that they are closely 
associated with the latter in origin (p. 110), as well as in position. 
Their form is ascribed neither to erosion, nor to accumulation. 
They are regarded as swells or folds pressed up by the ice at it» 
lK>rder, during a period when the edge of the ice was nearly con- 
stant in position. Because of the peculiar sort of disturbance 
which the stratification of these elevations has sometimes suffered. 
Dr. Wahnschaffes inference seems justified, that lateral thrust by 
the ice must also have played some part in their origin. Wahn- 
schaffe appears to agree with Schroeder that these hills and ridges 
were essentially contemponineous in origin with the terminal mo- 
niino (Endnioffhtr). From the description before us, it is not 
clear that they do not constitute an element of the * Aground mo 
mine landscape.*' It will be seen that Wahnschaffe and Schroed-. 
er's view concerning the time and method of origin of these sand 
and gravel hills, corresponds somewhat closely with Dr. Keil- 
hack's view concerning the time and the method of origin of the 
elevations and depressions of the region designated ''ground 
moraine landscai)e. ' We have already seen that Dr. Wahn- 
schaffe's view of the origin of the ''ground moraine landscape,'' 
is ditferent. Hut we believe that Dr. Keilhack's explanation of the 
''ground moraine landscape" is more nearly correct, and that it is 
in perfect harmony with Wahn.schatfe and Schroeders view con- 
cerning the origin of the sanxl and gravel hills and ridges asso- 
ciated with the terminal moraine {Endininufue), and with the 
"ground moraine landsca])e. " Dr. Wahnschaffe indicates the 
close association of the one class of drift hills with the other, but 
unfortunatel}' he does not state whether the sand and gravel hills 
are more commonly associated with the outer or with the inner 
liorder of the ''ground moraine landscape." He would seem to 
imply that the association of the (lerman terminal moraine (End- 
vionhw) with the hills here noted, is very close j but since he does 
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not indicate whether the Endmonine is more commonly found on 
the outer or on the inner face of the ''ground moraine land- 
scape'* belt, this relationship between the ^^EnJmontne'^ and the 
^^Durchragungszuge' does not serve to indicate the relation be- 
tween the latter and the '^^Grundmoranenlandschaft.'' 

We believe that the three sets of phenomena, the "ground 
moraine landscape'' (— our terminal moraine), the German term- 
inal moraine (= a "dump'' moraine), and the hills and ridges of 
gravel and sand(Z>ttr67<rrt^aM^x«//^e und ^f//M.e),areclosel3' associated 
in time of origin. We believe that they all represent marginal 
accumulations, and that together they constitute what is known in 
America as a belt of terminal moraines. The gravel and sand 
hills and ridges, with occasional bowlders below the surface, and 
abundant ones upon it, we regard as kames, and believe that they 
correspond to the kames so commonly associated with the termi- 
nal moraines in America. Locally such kames make up a large 
part of our terminal moraine accumulations. This correlation is 
based in part upon Dr. Wahnschaffe's description, and partly upon 
my own observations. If this interpretation be correct, the termi- 
nal moraine {Endmonine) of the Germans, and the accumulations 
here regarded as kames, should be more commonly associated 
with the outer face of the belt -affected by the ' 'ground moraine 
landscape" topography than with the inner. But kames are not 
confined to such positions. Locally they are abundant and well 
developed on the inner face of the terminal moraine belt, and 
less commonly at points remote from it. Geinitz has regarded 
the sand and gravel hills as Asar and .kames, (p. 113) but this 
view does not seem to approve itself to Dr. Wahnschaffe. 

There are a few ridges of stratified material not stated to be 
closely associated with the Baltic ridge, which would appear to be 
osars. One such is mentioned b}' Dr. Wahnschaffe at Lubasch in 
Posen. Others of similar form are excluded from the class osars, 
apparently on the ground that they are covered by till, while 
typical osars have not their crests covered by till, though their 
flanks may be. We do not get the impression from the refer- 
ences to kames and osars (asar) that discriminations between them 
have been carried to the same extent in Germanv as in America. 
But the distinction between kames and osars has only recently 
come to be generally recognized here. 

The discussion concerning the position of the "old" valleys, and 
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their relations to the courses of the present streams, is an interest- 
ing study in river drainage. The valleys of the **old'' streams 
have been filled to considerable depths with sand, emanating from 
the glacier formations. In some places, and for considerable 
stretches, these **old" valleys are now drj'. In other places they 
are occupied b}' inconsiderable streams. It would be a matter of 
great interest to know whether the *'old" valleys are pro-glacial, 
or whether the}' are interglacial in origin. We infer that their 
sand filling is regarded as last glacial (p. 128). If it could be 
shown that the excavation of the **old*' valleys was interglacial, 
or that any considerable part of their excavation was interglacial, 
such demonstration would be a convincing proof of a long inter- 
glacial epoch. 

Lot'ss. On the southern border of the north German lowland 
there is a narrow belt of country covered with loess, although the 
loess is not confined to that portion of Germany which is properly 
designated "lowland." It reaches to the southward so far as to 
cover the lower portions of the southern upland. The loess is 
well developed in the northern part of Saxon}' and in the vicinity 
of Ilalle and Magdeburg. The topography of the loess-covered 
country is gently undulatory. A large number of the German 
geologists who have studied the loess appear to have adopted the 
aeolian hypothesis. Dr. Wahnschaff e, on the other hand, believes 
the loess to have been deposited by water, and by water which 
arose chiefly from the melting of the ice in the la^st glacial epoch. 
He conceives the water which dei>osited the loess to have accum- 
ulated in a number of more or less connected basins, lying be- 
tween the ice on the north, and the highlands be^^ond the ice on 
the south. The waters thus confined between ice and upland had 
an outlet, so it is believed, toward the northwest; but it is held 
that the movement of the water was so gentle that it was able to 
carrv awav onlv the finest clavey material, while the materials of 
silt-grade of coarseness were deposited in the area covered by the 
water, and constitute the loess. The northward drainage from 
the highlands on the south, and the southward drainage from the 
ice on the north, both contributed to the formation. The altitude 
of the loess is stated to be alx)ut 282 feet in Saxonv, while it rises 
to the hight of (iOO feet in the Ilarz mountains. 

The chief reasons quoted from its advocates in supix)i1; of the 
ft?olian hyi)othesis, are the presence of fossils of land animals. 
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Dr. AVahnschaffe does not give specificall}' the reasons for his be- 
lief in the aqueous origin of the loess, though he devotes some 
space to a consideration to the arguments of those who believe 
that it was deposited by the wind. We think that Dr. Wahn- 
schaffe'g arguments against the seolian hypothesis have much 
force. After a brief examination of the loess in several points 
in the vicinity of Magdeburg, in company' with Dr. Wahnschaffe, 
1 was convinced that his view concerning the origin of the loess 
was the right one for that -region. I have no data for an opinion 
concerning the time of the origin of the German loess. If it be- 
long to the time of the last glaciation, it does not correspond in 
point of time of origin with the great body of the loess in the 
United States ; but that is no reason for believing that Dr. Wahn- 
schatfe's interpretation is not right. It is believed that the loess 
in the United States originated at different times. I am inclined 
to think that some of it may have originated in connection with 
the last glacial epoch, and I know no reason why that may not 
have been the time of the chief accumulation of the loess in 
(Jermauy. 

Tlie Lakes. The relationship between the distribution of lakes 
and the extension of the ice sheet is the same in Germany as in 
the United States. The lakes are chief! v confined to the area 
wliicli suffered glaciation, and to the area which suffered glacia- 
tion the second time. But it is to be observed that thev do not 
have a general distribution over the whole of the area which the 
last ice sheet invaded, as Dr. Wahnschaffe would define that area. 
Southwest of the Elbe, for instance, lakes are almost wholly 
wanting. This fact is iii itself an evidence, though alone not a 
conclusive evidence, that this region was not glaciated in the last 
epoch. It is to be remembered that not all German glacialists 
are agreed that this region (the Lunehurger Ifeide) was covered by 
ice in the last ice epoch. The absence of lakes supports the neg- 
ative. Lakes are most abundant along the Baltic ridge, where 
the ''ground moraine landscape' is best developed, just as they 
are most abundant in our country, along the courses of the termi- 
nal moraine. They are not infrequent north of this ridge, and, in 
some parts of Germany they cannot be said to be rare south of it. 

The question as to the origin of the lakes which lie within the 
drift. covered territory of German}', is one concerning which there 
has been much discussion and much difference of opinion. Inter- 
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esting as the biston' of opinion on this point is, we shall content 
ourselves at this time with mentioning only Dr. AVahnschaffe's 
views. Be it remarked, however, that it has always seemed to 
the writer that much of the discussion concerning the origin of 
the German lakes, masked a broader question, which embraced 
the narrower one discussed. Enclosed depressions are one of the 
conspicuous features of the ^'ground moraine landscape," Many 
of these depressions do not become lakes because of perviou.s bot- 
toms. But the dry **kettles'' are just lis significant as those fille<l 
with water. The depressions are associated with hills and ridges- 
which constitute the second conspicuous feature of our terminal 
morainic topography. The association of these two feature.s is 
such as to make it necessary to suppose that the explanation of 
the one must take account of the other ; that the processes which, 
called forth the one, were responsible also for the other. The ques- 
tion at issue, therefore, is not the origin of the lahe hasins, but 
the origin of the Jdlls and hasins (whether occupied by water or 
not),* that is, the origin of the **ground moraine landscape'* (our 
terminal moraine ) topography. This is not so much a criticism, 
of Dr. Wahnschaffe's discussion as a comment upon some of the 
discussions which have preceded this volume, and which are cited 
in it. 

Dr. Wahnschaffe recognizes several classes of lakes. One class 
is designated the * Aground moraine lakes" {Grundmonincnseem). 
It is to this class of lakes to which the foregoing comment is rele- 
vant, and Dr. Wahnschaffe does not regard their origin as a ques- 
tion distinct from the origin of the topography of the Baltic. He 
would therefore make the origin of these basins contemporaneous 
with the origin of the topograph}' with which they are associated. 
A second class of lakes are associated with the EndmorUne, and 
occupy depressions, of which this ridge constitutes one of the 
bounding walls. They are basins formed by morainic dams. A 
third cliiss of lake basins are attributed to the eroding action of 
the waters arising from the melting of the ice, either as they 
plunged through crevasses, excavating small circular hollows 
below, or as they flowed through their sub-glacial or extra-glacial 
courses. Many of the lakes which are connected with each 
other as beads on a string, are referred to such an origin. Still 
other lakes, few in number and small in size, mav be the result 
of underground solution. 



Gaa Wclh 3>^?* Zetts^ Imm, — ^Xitter, 319 

PnH Glacial Changes. Not the least Valuable chapter of the 
book is the discussion of the surface changes which the German 
territory has undergone in postglacial time. Certain criteria, 
which have at one time and another been used as evidence of 
change of level, are discussed and their errors clearly pointed out. 
Evidence of great changes of level in post-glacial time is not 
found in the coast region. The topographic distribution of the 
loess in southern Germany, so far as its altitude in different 
regions is given, would raise the question whether there may not 
have been considerable surface warping in that region. 

Although I have dissented from some of Dr. Wahnschaffe's con- 
clusions, some of these differences are more apparent than real, 
because of the diverse use of terms. Others are more funda- 
mental. To accomplish the purpose for which this paper is 
written, it has been necessary to emphasize the points wherein 
American and German views differ most widely, passing over in 
silence many of the more numerous points of agreement. But 
the lx)ok is throughout suggestive, and on the whole a most satis- 
factory compendium of present knowledge concerning the glacial 
formations of Germany. 



GAS WELLS NEAR LETTS, IOWA. 

By PBor. F. M. Wittbr, Muscatine, Iowa. 

In the early partof December, 1890, Mr. T. L. Estle, living in 
Section 3, Township 75 N. Range 4 W. 5th Principal Meridian, 
sunk a well on his farm for water. In drift at a depth of about 
100 feet he struck gas which burned readily, but in two or 
three days the gas ceased to flow. Between 40 and 80 rods 
west of this place about the same time Mr. R. M. Lee bored for 
water. At about' 100 feet he failed to get water and stopped 
boring. 

In the evening he commenced to pull out his casing, and succeeded 
in raising itperhaps 8 or 10 feet. During the night a great roar- 
ing was heard, and on approaching the well with a lantern the gas 
took fire and a great flame shot several feet into the air with a 
frightful noise. In a few days the flame was extinguished, and 
the gas piped into Mr. Lee's house, a few rods away, where for 
over a year it has furnished him light and fuel. 
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This well now furnishes Messrs. R. M. Lee, T. J. Estle, J. E. 
Lee and Robert Lee with all their fuel and light. Mr. Robt. Lee 
is a little over one mile from the well. 

It is carried in common gas pipe laid on the top of the ground. 
The pipe is 2 in., 1^ in., and the last half mile 1 in. in diameter. 

This well supplies 12 fires and 16 lights. 

No estimate has been made as to how many more it might sup- 
ply, but the number would certainly be quite large. 

Mr. J. E. Lee stated that the opening admitting the gas from 
the casing of the well to the main was considerably less than the 
size of an ordinary lead pencil, and that it flowed a half mile in 
the main in 14 seconds. How this rate was satisfactorily ascer- 
tained we did not learn. 

The same gentleman said the pressure at first was about 5^ 
pounds, which has steadily risen till it is now 12 pounds. From 
a large stream issuing in our faces we could detect a faint odor 
resembling ether or chloroform. It gives a fine steady light and 
most intense heat in the stoves and artistic grates. It seems in 
all respects to be equal to or superior to the best ailificial illum- 
inating gas. The gas is used just as it is when it issues from 
the well. 

Within a circle of alK)ut three miles in diameter in the town- 
ships named above, from at least seven wells sunk for water, gas 
issued. The depth to the gas ranges from about 90 ft. to 1 25 ft. 
At a depth from 6 to 25 feet below the gas a good, constant sup- 
ply of water is obtained. It seems to be very easy to shut off the 
gas by the rapid sinking of the casing in a sort of blue clay with 
some sand, in which the gas is thought to be stored. The clay 
seems to form a tube as the drill and casing descend, and this 
prevents the gas from getting into the well, unless it is given a 
little time at the right place. .The country for miles around 
is full of wells, which are all believed to be sunk to the water 
below the gas, without discovering the gas for reasons given 
above. 

I made the following tests on the water from below the gas. 
With potassium ferrocyanide I observed no reaction. On evapo- 
rating perhaps 50 cc, a considerable amount of solid matter was 
obtained. This was of a somewhat vellowish l)rown color, and 
effervesced readily with hydric chloride. This solution when 
tested with |x>tassium ferrocyanide gives a deep blue. I was led 
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to believe tf&KL theae tests that the water contained a carl)onate 
and some compound containing iron in solution. 

At a depth of 1 8 or 20 feet, water has generally been found in 
this locality, but the supply is variable. Mr. Robt. Lee has a 
well which he dug several j'ears ago, the water of which was ex- 
cellent and in good quantity. This well is about 18 feet deep and 
carefully walled. Last summer he bored for water about 100 feet 
from this well. At a depth of a little more than 100 feet he 
found a little gas issuing at irregular intervals. Immediately 
after the appearance of the gas the water in the shallow well 
became muddy and unfit for use, and has remained so, though 
the water seems to be much worse at times, which are irreg- 
ular. 

It seems to me that the gas rises outside of the casing to the 
porous bed holding the water of the shallow well, and passes 
through this to the well and injures the water. 

The eoantry in which, these wells are located is comparatively 
level. Indications are at hand everywhere of a boggy or peaty 
nature. Tliere are but few low hills and no ravines of anv note. 
The soil is a rich black loam, and the whole region is said to be 
destitute of the boulders so common in many parts of Iowa, and 
especially of Muscatine county. Mr. J. K. Lee stated that wells 
in this region had been sunk 280 feet, and no rock had been 
reached. 

The well in Muscatine county from which gas is used is 
on the farm of Mr. Jno. Idle, in Section 35, Township 76, Range 
4 W. 

The farmers in the neighborhood of these gas wells are about 
to complete an arrangement to put down a well 2,000 to 
2,500 feet deep. This is to determine whether there is oil below 
the gas. 

It is my own impression that the gas comes from considerable 
]:>eds of vegetable matter buried in this unusually heavy drift de- 
posit in this region. The area, it seems to me, which is thus un- 
derlaid, is 6 or 8 miles long, and perhaps 3 or 4 miles wide. 

I should expect to find the rocks here directly below the drift 
to be of the Devonian age. 

This locality is on the east side of the Cedar river. The near- 
est well to the Cedar is about two miles distant. No gas has yet 
been found. on the west of the Cedar. 
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CLIMATIC CHANGES INDICATED BY THE GLA- 
CIERS OF NORTH AMERICA. 

By Israel C. RushelLy Waalilii^on, D. C. 

Prof. Dufoiir has shown that the existing glaciers of Europe 
and Asia are retreating.* This is proof of a marked climatic 
change over a great area, within the last one or two decades, and 
renders it inii)ortant to know if evidence of a similar change is 
furnished b}' the glaciers of other regions. Should it be found 
that glaciers on other continents are also retreating, it would not 
only be an interesting contribution to physical geograph}', but 
have an important ]>earing on the study of the causes of the 
Glacial Epoch. 

The data presented in this paper in reference to recent changes 
in the glaciers of j North America, have been assembled in response 
to a letter addressed to the Director of the U. S. Geological Sur- 
vey by Prof. Du four, and is here published with the hope that it may 
lead to the accumulation of additional data in the same connection. 

Distribution uf ExUting Glaciers in North America. 

Glaciers may be arranged, provisionally at least, in three 
classes, viz: — alpine, piedmont and continental. It is also con- 
venient to designate those which enter the ocean and break off in 
bergs, as tide water glaciers. Examples of each of these types 
occur in North America. 

The glaciers of North America are confined to the Cordilleran 
system and to .the Greenland region. Small ice bodies are known 
to exist on the higher volcanic peaks in Mexico, but of these we 
have onlv indefinite information. Their southern limit in the 
United States is in the High Sierra of California, in about latitude 
37° N. The ice l)odies in that region are small but have the 
essential features of the largest alpine glaciers. They are con- 
fined to cirques near the mountain summits and do not descend 
)»elow a horizon 12,000 to 13,000 feet above the sea. In 
northern California, Oregon, and Washington, glaciers become 
more numerous, of greater extent, and extend to lower hori- 
zons than in the High Sierra. They occur about the summits 
of >rt. Shasta, Mt. Kainer, Mt. Baker, and several other peaks 
in the Cascade mountains, which have an altitude exceeding 
10.000 or 11,000 feet. In the Rocky mountains they begin 
at the south, with snow Iwdies in Colorado, which by some 
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are considered as tnie glaciers, and increase in number and 
extent towards the north. In 'the Cordillera system in Canada, 
glaciers are numerous, but have been explored to only a lim- 
ited extent. Those best known are in the Selkirk mountains 
and on the Stikine river. Farther north in the same great mount- 
ain belt, many glaciers are known to exist, and in Alaska they 
reach their greatest development. As one follows the glacial belt 
northward the lower limit of perpetual snow descends lower and 
lower, until finally at the base of Mt. 8t. Elias its elevation is 
■only al)out 2.5U0 feet above the sea. The glaciers extend below' 
the snow line and reach sea level near the mouth of the Stikine 
river in about latitude 57°. From there northwestward to Cook's 
inlet there are hundreds, if not thousands, of magnificent ice 
streams which descend nearly to the ocean level, and scores which 
•enter the ocean and breaking otf form bergs. Local glaciers 
clustering about high peaks, occur on the Alaskan peninsula and 
the Aleutian islands. This great glacier belt is approximately 
3,000 miles long. Tlie most thoroughl}' snow and ice coveretl 
portion is in the region about Mt. St. Elias, where not less than 
30.000 square miles of exceedingly mountainous country is com- 
pletely buried beneath a vast neve field which is drained by 
glaciers of the alpine type Rowing both north and south. Those 
flowing south are the more imiK>rtant. On gaining the fiat lands 
between the base of the mountains and the sea, they expand and 
form Piedmont glaciers. Of these, theMalaspina glacier, having 
an area of aljout 1,500 square miles, is the best known example. 
An interesting fact in connection with the distribution of glaciers 
•on the west coast of North America is that their northern limit is 
less than one hundred miles north of Mt. St. Elias. Mountains 
in central and northern Alaska having an elevation of 4,000 or 
5,000 feet are without snow during the summer and no glaciers 
■exist upon them. As is now known this region was not glaciated 
during the Glacial Epoch. 

On the east side of North America existing glaciers are con- 
fined to Greenland and to neighboring islands. The ice sheet cov- 
■ering Greenland is of the continental type 'and, as is well known, 
is the largest existing ice body in the northern hemisphere. The 
glaciers on the islands west of Greenland are of the alpine type, 
4ind many of them are known to be of great size, but their ex- 
ploration is far from complete. 
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Are the Glncierg of Nn^th Aiaerieth Advancing or Retreating T 

The glaciers of this continent have been known fbc so short a 
time that only small portions of their histories have been read. 
Their study is comprised almost entirely within the past decade- 
and has been carried on in such a desultory way that for the most 
part only qualitative evidence as to their advance or retreat is- 
available. 

Character of the Evi<1eiice: Evidence of the advance or retreat 
of the ends of alpine glaciers, or of the borders of piedmont 
and continental glaciers, may be obtained in various wa^^s. Gla- 
ciers which are advancing sometimes plow into the debris in 
front of them and force it up in concentric ridges, usually with 
the formation of cracks in the soil. The surfaces of the ridges 
formed in this way are frequently covered with vegetation, which 
in addition to their forms and the character of the material of 
which they are composed, serves to distinguish them from termi- 
nal moraines. When a glacier advances into a forest, the trees 
are broken off and piled in confused heaps about the margin of 
the ice. The upper surface of a glacier is known to flow faster 
than the ice below, and an advance is probabh' accomplished by 
the upper surface flowing over and burying the ice which rests on 
the ground. For this reason, advancing glaciers usually present 
bold scarps at their extremities, and, in general, are not covere<l 
with a broad sheet of de])ris. 

In retreating glaciers the layers of new snow deposited on the- 
m»ve fields and changing to ice as they flow downwanl, are melted 
before reaching the margins of the ice streams, and the slow mov- 
ing ice at the bottom is thus left exposed and melts away. The 
retreat is accomplished not by a contraction in the volume of the- 
ice-body, but by the melting of its distal extremity. The ice 
which is not covered by fresh layers melts at the surface, and the- 
englacial debris which it contains is concentrated in a general 
sheet forming fringing moraines. "When a sheet of debris of this 
character is extensive and covers the lower portion of a glacier 
from side to side, it indicates that the ice beneath is practically 
stationary and consequently is melting and retreating. The ends 
of retreating glaciers fre([uently have a gentle surface slope, and 
in many instances are so completely concealed by debris that the 
actual terminus of the ice cannot be distinguished. When the 
moraines are heavy, however, and especially when they are clothed 
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with vegetation, the melting of the ice beneath is greatly retarded, 
and in some observed instances the glaciers thus protected termi- 
nate in bold scarps. 

When a glacier retreats more rapidly than soil can form on the 
abandoned area, so as to admit of the growth of plants, a deso- 
late tract is left about its end, on which concentric lines of stones 
and boulders may indicate halts in the retreat. Barren areas of 
this nature, when the lack of vegetation is not due to the action 
of water from the ice, are good evidence of recent glacial reces- 
sion. When glaciers which flow through a valley having steep 
sides, become stagnant, a general lowering of the surface, de- 
creasing up stream, takes place, which leaves the bordering slopes 
bare of vegetation. The action of rain and rills on such surfaces 
may indicate to some extent the length of time they have been 
exposed. The presence of flne glacial debris on slopes from 
which it would be easily washed by rain, may also furnish evi- 
dence in the same connection. Retreating glaciers sometime 
leave detached masses of ice which are melted in the course of a 
few years and hence indicate rapid changes. The amount of su]> 
aerial erosio6 on glaciated areas may also serve to indicate the 
length of time they have been exposed. 

These various classes of evidence usually enable one to deter- 
mine definitely whether a glacier has recently advanced or re- 
treated, and may sometimes afford a clue to the rate of these 
changes. In the study of the glaciers of America we have at 
present no definite quantitative measurements, and must rely on 
such phenomena as have been indicated. 

California: Some of the small glaciers in the High Sierra 
were visited by me in 1883 and 1884. I found that they were 
certainly not advancing, and from the occurrence of barren area 
about their extremities judged that they were slowly receding, but 
could not obtain evidence as to the rate of the recession. 

Observations by J. S. Diller, of the U. 8. (reological Survey, 
on Mt. Shasta, indicate that the glaciers in northern California, 
like those farther south, are retreating. Evidence of this is 
furnished by barren areas about the ends of several of the glaciers 
and by a conspicuous lateral moraine on the side of the Whitne}' 
glacier, which in 1887 w^as about twenty-five feet above the level 
of the adjacent ice. 

Oregon and Washington: The glaciers on the Cascade mount- 
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iiins have been visited b}' a number of persons, l)ut I have been 
unable to obtain satisfactor}' evidence of advance or recession. 
An inspection of photographs of the glacier on Mt. Kainer indi- 
cates that they end in areas bare of vegetation, which presum- 
ably were recently occupied by ice. 

British Columbia: The glaciers of British Columbia, although 
numerous and important, are but imperfectly' known, and only a 
few observations on recent changes have been made. Many of 
these glaciers, however, have been seen by Dr. G. M. Dawson, 
who informs me that in no instance are there evidences that they 
have recently advanced, and considers it is safe to assume that they 
are either stationary or slowly receding. ' 

R. G. McConnel, of the Canadian Geological Survey, has 
kindly informed me that the glaciers, both on the Stikine river 
and in the Rocky mountains, have shrunken back from fresh look- 
ing moraines, and that the intervals between the ice and the mo- 
raines, in all instances examined by him, were destitute of trees 
and contained but little vegetation of any kind. In his opinion a 
marked retreat has occurred within the last century or two, but 
whether it has been in progress during the past one x>r two dec- 
ades cannot l)e decided from the evidence in hand. Observa- 
tions made by Macoun and Ingersoll confirm this conclusion. * 

I visited the lUccellewaet glacier at Glacier station, on the 
Canadian Pacific Railroad, in the spring of 1891, and found a 
barren area, intervening between the ice and the encircling f oldest, 
several hundred yards in breadth, which had evidently been but 
recently abandoned by the glacier. A small moraine on the 
western side of the glacier also suggested a recent shrinking of 
the ice. The evidence of a recent retreat of this glacier has 
also been noted l)y W. S. Green, t 

An absence of vegetation a]x>ut the extremity of one of the 
glaciers on Stikine river was noted by Blake, t and may ])robably 
be taken as an indication of a recent retreat of the ice. A legend 
current among the Stikine Indians indicates that two glaciers on 
opposite sides of the stream were formerly united and that the 
river then flowed through a tunnel beneath the ice. 

*MouDtaineeriDg in British Columbia, by Ernest Ingersoll, Bull. Am. 
Geog. Soc, Vol. XVII r, 1886, p. 18. 

tAmoDg the Selkirk glaciers, J^ondon, 1800, p. 69. 

JAmerican Jour. Sci , Vol. xliv,1867, pp. 96-101. 
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Alaska: The evidence that a general retreat of the glaciers of 
Alaska is still in progress is abundant, and in a few instances is 
of quantitative value. 

Lpm Canal: About this magnificent inlet there are many ice 
streams of the alpine type, which descend nearl}' to sea level, but 
none of them are now actually tide water glaciers. About the 
ends of many of them there are dense forests of spruce trees 
which must have been growing for at least one hundred and fifty 
years, but between the forests and the present terminus of the 
ice there is in several instances a barren area covered withmorainal 
deposits and bearing every indication of having but recently been 
abandone<l by the glaciers.* These conditions are especially 
noticeable at the extremity of the Davidson glacier, situated on 
the western side of the inlet near its head, which expands into a 
broad ice foot on leaving the wild gorge through which it flows. 
Between the present terminus of the ice and the encircling forest 
there is a barren tract half a mile broad, which has been left bv a 
retreat of the ice so recently that vegetation has not been able to 
take root upon it. A decided retreat of the ice has here recently 
occurred, and to all appearances is still in progress, but no ob- 
servations of its rate have been made. 

Conditions similar to those seen at Davidson glacier were ob- 
served in connection with several other ice streams in the same 
region. In Taku inlet, the Norris glacier comes down to sea 
level, but is separated from the water by broad mud flats. There 
is no indication that this glacier has recently advanced and an 
accumulation of debris over its surface indicates that it is melt- 
ing away. The Taku glacier near at hand, is of the tidewater 
type and evidence of recent changes are wanting. 

Glarirr Bai/: The evidence of recent changes in Muir Gla- 
cier have been presented by Wright,! who has shown that 
it has quite recently been l)oth more extensive and of less size 
that at present. Additional evidence of these changes have 
been supplied b}' Reid, J who concludes that Muir Glacier and 
other ice streams now discharging into (i lacier ba}^ were form- 

*BuTl. Oeol. 8oc. Am., Vol. i, 1890, p. 152. 

tThe Ice Ape in North America, by (J. Frederick Wrigl.t, New York, 
1880, pp. 51-57. 

JStudies of the Muir Glacier, by 11. F. Keid, National Geographic 
Mag., Vol. IV, 1891, pp. 
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erly much more extensive than at preseni, and at the time of 
the Vancouver s expedition in 1794, probably occupied the 
whole of the bay to a point some distance below Willoughby 
island. The retreat during one hundred years is thought to 
be in the neighborhood of fourteen miles. This conclusion, 
however, rests on certain 'passages in the narrative of Van- 
couver's voyage* which may possibly refer to floating ice, and 
not to actual glaciers, and therefore not have the quantitative 
value indicated above. But under any plausible rendering of 
Vancouver's account, it does not seem possible to escape the con- 
clusion that the ice in Glacier bay was far more abundant at the 
time of his visit than in recent years. 

Observations made by Wright and Reid in 188G and 1890, 
respect ivel}', show that Muir glacier has retreated during this in- 
tei*val more than 1,000 j'ards. This observed rate of recession 
would, if continuous for one hundred years, produce a retreat of 
approximately fifteen miles, and affords ground for believing that 
the great retreat supposed to have occurred since Vancouver's 
visit is approximately correct. 

John Muir has kindly contril)uted the following note concerning 
the retreat of the glaciers of southeastern Alaska, which con- 
firms the evidence alread}' presented: 

"All the glaciers that have come under my observation in southeastern 
Alaska have retreated and slialiowed since first I became acquainted 
with them in 1879 and 1880. Those in which the declivity of the chan- 
nels is least, have of course receded the most. During the ten years 
between 1880 and 1890, Muir glacier has receded about one mile, at its 
mouth in Muir inlet." 

St. EUaa Rvyion: Much space could be occupied in recording 
observations which indicate a general recession of the glaciers 
about Yakutat and Disenchantment bays and along the adjacent 
ocean shore, but a brief summary of this evidence is all that 
seems necessary at this time. 

The lower portions of a large number of glaciers in this region 
are completely covered by continuous sheets of debris which has 
been concentrated at the surface through the melting of the ice. 
This debris is not being carried forward and deposited in terminal 
moraines, but is distributed over the surface of the ice in a thin 



♦Voyage of Discovery around the World, by Vancouver, Vol. v, pp. 
420-428. Quoted l)y Wright in Ice Age of North America, pp. 55-57. 
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sheet and marks the stagnant condition of the glacier on which it 
rests. In several instances, especially on the outer border of the 
Malaspina glacier, the moraines resting on the ice are clothed 
with vegetation, which over many square miles has the character 
•of a forest, composed principally of spruce trees, some of which 
are three feet in diameter. Within the forest covered border and 
forming a belt concentric with it, there is a barren tract covered 
with stones and boulders. The forests growing on the glacier 
and also thousands of lakelets, both in the outer border of the 
barren moraine and in the adjacent forest-covered moraine, indi- 
cate conclusively that the ice- sheet is stagnant and consequently 
-wasting away. On the coast bordering the Malaspina glacier on 
the south, there were formerly two projections called point Rio 
and cape Sitkagi which were noted by the explorers one hundred 
years ago. In traversing this coast in 1 891, I found that no capes 
exist at the localities referred to. At the site of cape Sitkagi 
there is evidence that the sea has recently invaded the glacial 
boundary. On the sides of many of the alpine glaciers in the 
St. Klias region there are steep slopes bare of vegetation although 
well below the upper limit of tree-growth of adjacent areas, which 
indicate that the ice streams have recently shrunken within their 
beds. Mv conclusions after two visits to the glaciers in the St. 
Elias region is that without exception they are rapidly retreating. 

Near point Manby there is a locality where the Malaspina gla- 
cier has recently advanced about 1,500 feet into a dense spruce 
forest, cutting off the trees and sweeping them into confused 
heaps. After advancing, the ice retreated, leaving a tj'^pical mo- 
raine surface filled with lakelets. This is the onlv instance of a 
recent advance that has come under mv notice. 

The head of Yakutat bay was visited by Malaspina in 1791, 
and again by captain Puget in 1794. Each of these explorers 
found the inlet blocked by a wall of ice from shore to shore. 
No other ol)servations in this connection were made until my 
visit in the summer of 1890.* From what may now be obser\'ed 
it is evident that the Dalton and Hubbard glaciers, which come 
down to the water at the head of the inlet and break off in bergs, 
must have extended some five or six miles beyond their present 

* Map indicating the position of the ice in 1791 is shown on plate 7 
and its extent in 1890. on plate 8, of my report on an expedition to Mt. 
.•^t. Eliaft, in Nat. Geog. Mag., Vol. iii. This is only a sketch map, and 
cannot be relied upon for measurement of distances. 
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position at the time of Malaspina's and Pugets visits, and were 
then united so as to completely block the entrance to Disenchant- 
ment bav, which is a continuation of Yakutat bav. These oViser- 
vations show conclusively that the glaciers mentioned have re- 
treated five or six miles within the past one hundred years. The 
small recession that has here taken place, in comparison with the 
changes reported in Glacier bay, during the same time, is prob- 
ably due to the fact that the neve from which Muir glacier flows, 
is much lower than the snow fields drained bv the Hubbard and 
Dalton glaciers, and presumably more sensitive to climatic 
changes. 

North Side of the St. Elias Mountains: Dr. C. Willard Hayes, 
of the U. S. Geological Survey, in crossing from Selkirk house 
on the Yukon river to Copper river, in 1891, passed for a portion 
of the way along the northern border of the great system of 
mountains which culminate in Mt. St. Klias, and discovered sev- 
eral large glaciers of the alpine type flowing northward from the 
neve field north of Mt. St. Elias, and also other glaciers drainino: 
neve fields about Mt. Wrangell and flowing southward. Resi)ect- 
ing the evidence of recent changes in these glaciers, Dr. Hayes 
has kindly supplied the following notes: 

Two large glaciers and many small ones were seen flowing from the 
St. Elias mountains northward into the White river basin. Another 
flows from the southeast into the pass and drains into both the White 
and Copper river basins. About the head of the Nizzenah are four large 
and many small glaciers. Flowing into Copper river from the coast 
range are four or five glaciers, one of them — Miles glacier — being larger 
than any seen further in the interior. Observations were thus made on 
twelve glaciers, and with one exception to be described later, all show a 
more or less rapid recession. The evidence of this recession in most 
cases is the accumulated moraine covering the terminal edge of the 
glacier; or where there is not sufllcient englacial drift to accumulate and 
form a protective mantle, the stagnant ice melting to a feather etlge. 
The White river lobe of Russell glaciers is of the moraine covered 
type, while the Nizzenah lobe has the feather edge. On the Klut- 
lan and Russell glaciers the outer portion of the moraine covered ice 
supports a dense vegetation, which becomes gradually more scanty and 
disappears about half a mile from the edge of the ice. The recession 
of the smaller glaciers along the Nizzenah app<>ars to have been 
more rapid than the advance of the vegetation so that between it and 
the ice Is a belt of bare moraine. 

Miles glacier terminates iu an ice cliff fronting upon Copper river 
and the river has as yet cut only part way through the dam formed by 
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the northern lateral moraine. This moraine must, until very recentl3% 
have been backed up by the glacier itself, though the front of the latter 
has now retreated two miles to the eastward. 

While the fact of recession is manifest, the rate is more difficult to de- 
termine. In one case, however, it is possible to connect the amount of 
recession with an important episode in the history of the region, namely, 
the eruption of a wide spread deposit of volcanic ash which extends 
from near the head of the Pelly westward to Scolai pass. With regard 
to the age of this deposit Dr. Dawson says:* "While the eruption must 
have happened at least several hundred years ago, it can scarcely be 
supposed to have taken place more than a thousand years before the 
present time.*' 

For a distance of about three miles in front of the Klutlan glacier 
there is a deposit of moraine material perhaps 200 feet thick, composed 
of volcanic ash and angular rock fragments. This evidently fixes the 
position of the glacial front at the time of the volcanic eruption, and the 
amount of recession since that event. It is interesting to note that on 
the present glacier surface the volcanic ash is found only a short distance 
from the end, showing that since the eruption, while the front of the 
glacier has receded about three miles, nearly the whole mass of the 
glacier has been renewed by fresh addition from its source. 

The single exceptional case already referred to, is the Frederika gla- 
cier, which seems to be advancing its front instead of retreating. It has 
its source in the high mountains forming the eastern members of the 
Wrangell group, and flows south in a lateral valley, joining the valley of 
the Nizzenah at right angles. The front of the glacier is parallel with 
the river and about three-fourths of a mile from it, the intervening space 
being a gravel plain. The glaci(>r terminates in a nearly vertical ice 
cliff al)oat 250 feet high. It is slightly convex, and stretches entirely 
across the valley about a mile in length. The surface of the glacier is 
free from moraines but is extremely rough and broken, unlike the ordi- 
nary surface of stagnant ice at the end of a retreating glacier. At the 
foot of the cliff is a small accumulation of gravel and fragments of ice, 
probably pushed along by the advancing mass.t 

An explanation of thi8 anomalous case is suggested. Ten miles to the 
westward of the Frederika another much larger glacier flows into the 
valley of the Nizzenah. This is formed by the union of three separate 
streams, and of these the eastern appears to be retreating much more 
rapidly than either of the others. But this eastern branch probably has 
its source in the same basin as the Frederika glacier, and it seems not 
impossible that b}^ some means the drainage has been diverted from the 
western to the eastern outlet, thus causing the rapid retreat in the former 
glacier and advance in the latter. 

♦Report on Yukon District, p. 45 B. 

tThis is the only instance of an advaticing glacier known on the west 
coast of North America. 1. C. R. 
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Greenland: Regarding recent changes in the ice sheet of 
Greenland there is but scanty evidence, and such observations as 
have been made on the advance and retreat of the margin of the 
ice are conflicting. Holts found in 1880, between latitude 61 and 
H5^ 30', on the west coast, according to Lindahl,* that **the bor- 
der of the ice appeared to have retreated quite recently in many 
places; in others it had decidedly advanced." Nansent remarks 
in this connection that we cannot even conjecture what the present 
conditions are, and thinks that the observations show that there 
is no strong tendency either towards advance* or retreat. Warren 
Upham, X who has recently reviewed the literature relating to the 
Greenland ice sheet, informs me that in his judgment the ice i& 
now slightly increasing in thickness and generally in extent. 
This conclusion rests largely on the general absence of debris on 
the borders of the ice sheet. His studies have also led him to- 
the conclusion that Greenland, in common with other portions of 
the northeast lx)rder of this continent, is now having an appre- 
ciable increase in cold. 

The observations of those who have traversed the inland ice 
seems to indicate that nearly its entire surface is in the condition 
of a neve, and suggest that growth and not retreat must l)e in 
progress. The absence of debris on the borders of the ice sheet 
referred to by Upham, is important in this connection, and seems 
to indicate that no great waste of ice occurs before it is discharged 
into the sea. So far as one may judge from the observations of 
others, it seems as if the evidence available points to an increase 
of the ice sheet, us supposed by Upham, but 1 do not give much 
weight to this conclusion. Dufour, however, in a paper cited in 
the beginning of this essay, is inclined to the opposite conclusion, 
lie states that in 1880 he made a communication on the retreat of 
the glaciers of Kurope and Asia before a scientific congress at 
Reims, and that during the discussion which followed one of the 
persons present, who had been in Greenland several times, men- 
tioned that he "had noticed that the glaciers of that land had also- 

*Am. JSat., Vol. 22, 1W88, p. 5U3. 

tFirat Crossing of Greenlaud, Vol. ii, p. 491. 

JThe conclusions of Mr. Upham are also contained in the following 
papers:— "On the cause of the cold of the Glacial Epoch," Am. Geol.^ 
Vol. VI, 1890, p. :W6; and "The ice sheet of. Greenland," Am. Geol., Vol, 
VII r, 1891, p. 150; "Criteria of englacial and subglacial drift," Am. Geol.,. 
Vol. VIII, 1891, p. :i85. 
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retreated considerablj'. " It is known that the glaciers of Green- 
land were much more extensive during a former epoch than at 
present, and left records at an elevation of 3,000 feet above the 
present ice surface. * It may be suggested that the observations 
referred to by Dufour possibly relate to these ancient records. 

Weiyht of the Evidence: The observations summarized in this 
paper in reference to the Cordillera region, although unsatisfac- 
tory in many ways, indicate with a single exception which seems 
to have a special explanation, that the ice bodies in that region are 
retreating. This conclusion not onl}'^ rests on direct observa- 
tions of several individuals, but is sustained by negative evidence 
as well. An advance of a glacier, especially in a forested country, 
is apt to be strongly marked, and would attract the attention of 
even a casual observer, but in no instance, with the exception 
reported by Dr. Hayes, and the slight extension on the border 
of the Malaspina glacier already mentioned, has a recent advance 
of the glaciers been reported. 

The fact that the glaciers at the head of Yakutat bay have re- 
treated several miles within the past one hundred years, as well 
as the still greater recession of the glaciers of (rlacierbay during 
the same period, indicates the present general recession of the 
glaciers of the Pacific coast has probably l)een in progress for more 
than a century. During this time there must have been many 
minor oscillaticms which our imperfect obsen'ations do not de- 
tect but the fact that the general movement has been backward 
is well sustained. 

The shrinking of the glaciers of the west coast of North 
America, together with the conclusions reached by Prof. Dufour 
to the (»ffe(»t that the glaciers of both Europe and Asia are reced- 
ing, indicate that the ( Greenland ice sheet is the only one in the 
Northern Hemisphere which is not now diminishing. 

CUmntic changes: The advance and retreat of glaciera depends 
on climatic change. Glaciers, like enclosed lakes, record the 
result of the sum total of climatic changes which favor the re- 
tention of moisture on the land. In general it is safe to assume 
that increased precipitation will favor their growth and a rise of 
temperature lead to their retreat. A general decrease in the 
glaciers of the Pacific coast suggests that other evidence of a 
secular climatic change should be found in the same region. To 

*Am. Jour. Sci. 8rd ser., Vol. 24, pp. 1()(>-101. 
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discover if there is any connection between the retreat of glaciers 
and recorded observations on climatic changes, it would appear 
that an inspection of the records of mean annual temperature 
and mean annual rainfall without discussing the causes of these 
changes, would be sufficient. Difficulty in the way of making 
this comparison arises, however, from the fact that in the glacial 
records we have only the general result of a long series of changes, 
all minor features of which arc lost ; while in the weather records 
sufficient time has not been covered bv the observations to show 
se<;ular changes a century or more in extent, which would be 
necessarj' to reach a satisfactory conclusion. The weather reconln 
on the Pacific coast did not begin until 1840, and were not made 
at a sufficient number of stations to furnish a basis for determin- 
ing general climatic changes until a number of years later. Thi» 
lack of observations render it impossible to make the comparison 
desire<l. The same proves to be true also on attempting to cor- 
relate the retreat of the glaciers with the weather records of the 
entire North American continent. The onlv conclusion to be 
reached in this connection seems to be that the data relating to 
both the fluctuations of glaciers and to climatic changes are inad- 
equate for satisfactory comparison. 

Curves showing secular changes in temperature and rainfall of 
the world for more than one hundred years, derived from all 
available weather records, have been published by Dr. Bruckner,* 
of the University of Berne. The obser>'ations of temperatun* 
embrace the period between 1780 and 1885 and show a gradual 
rise during the latter part of this interval. The curve indicating 
rainfall includes the period between 1775 and 1885, and shows a 
gradual decrease towards the end of this period. These results 
seem in harmony with the decrease of the glaciers of Europe and 
Asia and of the west coa.st of North America, but how accuratelv 
the curves indicate actual changes in the elements of climate re- 
ferred to it is impossible to say. The general rise in the tempera- 
ture curve, the gradual fall in the curve representing precipitation, 
towards the end of the periods of ol)servation are probal)ly in- 
fluenced by the varying character of the obser^'ations during 
different ix)rtions of the period. The correspondence between 
the general retreat of the glaciers in the northern hemisphere and 
the changes in the records of temperature and rainfall referred to 

♦Penk's Geog. Ablandlimger, Vol. iv, 18iH), p. a2U. 
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abovfe ma}^ be valid, but it seems to me for various reasons, that 
but little weight should attach to it. 

The comparison of the retreat of glaciers on the west coast 
with the rise and fall of the lakes of that region, more especially 
of the enclosed lakes, would be instructive, but here again, as in 
the case of the weather records, no records covering a suffi- 
cient length of time are available. Observations on the rise and 
fall of Great Salt lake show many fluctuations, but no general 
decrease which is comparable with the retreat of the Cordilleran 
glaciers. * 

The geological records of lakes Bonneville and Lahontan show 
two maxima separated hy a minimum, which latter indicates a 
period of desiccation, and followed by a second minimum which 
extends to the present day. The retreat of the glaciers on the 
west coast seems in harmony with this record. The desiccation of 
the lakes referred to has accompanied the retreat of the glaciers 
on neighboring mountains, but has been more rapid. Tt is be- 
lieved that the lakes of the (treat Basin had their last maximum 
at the time the Sierra Nevada was covered w-ith glaciers. A gen- 
eral decrease in the glaciers appears to have accompanied the de- 
siccation of the lakes and is still in progress. 

The retreat of the glaciers on the Pacific coast, as shown by 
rough quantitative determinations at Yakutat and Glacier V)ays, 
has been in progress for not less than one hundred years. The 
character of the forests about the extremities of the glaciers of 
Lynn canal, show that the ice streams have not advanced beyond 
the barren areas in which thev now terminate, within at least one 
hundred and fiftv or two hundred vears. In the case of David- 
son glacier, the barren area intervening between the ice and the 
encircling forest is al.K)ut half a mile wide. If this retreat was 
accomplished within one hundred years it would show that the ice 
foot receded at the rate of alx)ut two feet per year, t . 

Similar conclusions have been reached in reference to other 
glaciers in the same region and, although definite measurements 

♦The fluctuations of Great Salt lake have heen discussed by G. K. 
Gilbert, who shows that they coincide but imperfectly with observed 
variations in temperature and precipitation in the same region. U. S. 
Geol. Surv., Monograph No. 1, pp. 230-248. 

tThis is an exceedingly rough estimate for the reason that the breadth 
of the barren area about the foot of Davidson glacier has not been 
measured. The statement that it is half a mile wide is from eye estimate 
simply. 
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are lacking, these considerations show that the retreat has l)een 
very gradual, and was undoubtedly accompanied by many minor 
changes of which we have no record. The indications are that 
the retreat of the glaciers has been so gradual that it is doubtful 
if ordinary weather observations would be able to detect the 
change, unless carried over a period of several decades, and 
therefore could not be expected to appear in the weather records 
now available. For example, a decrease in the mean annual rain- 
fall of the Pacific coast to the extent of one-tenth of an inch per 
year would, in the time covered by the retreat of the glaciers, 
produce marked results, but would scarcely be detected in a series 
of observations covering less than a decade, and even then the 
stations would have to be numerous to allow one to draw definite 
conclusions. Similar considerations holdtnie also in reference to 
an increase of temperature. 

These considerations indicate that the growth of glaciers and 
the initiation and decline of (i lacial epochs, are caused by ver\' 
gradual climatic changes which would only become conspicuous, 
as climatic changes are now studied, after the lapse of centuries. 

Wnshhifftoii. I). C, February J/>. 18^h^. 
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Sir Andrew C. R.vmsav, 1^\rt. 

With the death of the late director-general of the geological 
survev of (treat Britain and Ireland, at his home at Beaumaris (l.of 
Anglesey) on the 9th of December, ISJU, at the age of 77, a con- 
spicuous and long familiar figure disappeared from the geological 
world. A born geologist, he needed only the opportunity for 
showing his power and this came during a visit to the Isle of 
Arran (for the benefit of his health, never too strong), througli 
accidental contact with Prof. Nichol. of (t lasgow. Mapping and 
modelling the island, his w'ork attracted the attention of Murchi- 
son at the meeting of the British Association, at (ilasgow,in 1840. 
Through his assistance Kamsay was attached to the survey and 
assigned to South Wales. In 1S45 he was made local director 
for Grtnit Britain, which olllce he held until on the death of Sir 
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Roderick Murchison in 1871, he became director general, retain- 
ing the post till 1881. 

To Ramsay geology is indebted for bringing into prominence 
the doctrine of earth sculpture. In his first paper on the denuda- 
tion of South Wales he showed that * * the existing to[X)graphy of 
the land has a long and interesting histor}^ much of which may 
still be deciphered," This idea he afterwards enlarged in his 
** Physical (jeology and Geograph}'^ of (rreat Britain," a series of 
lectures delivered at first to working-men. 

Another of his favorite subjects was the erosion of their beds 
by glaciers, and the now familiar doctrine of the excavation of 
the basins in which lie many of the lakes so numerous in glaciated 
regions. This doctrine yet retains some value in special cases, 
but it was doubtless pushed bv its able author bevond due bounds. 
He also was among the first to attempt to establish the recurrence 
of glacial episodes in the distant past, as for example, in the 
Permian and Devonian eras and to make prominent the idea of 
palfeontological breaks in the record of life, which he did in his 
addresses before the Geological Societ}' of London in 186'^ and 
18G4, dates which form an epoch in the history of the science. 

In addition to these sine issues the results of his direct labors 
may be found in the volumes of the geological survey during his 
directorship. 
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Tenth Annual lieport of the United States Geological Surrey to the Secre- 
tary of the Interior, 1888-89, By J. W. Powell, Director, Washington, 
1890. Part I. Geology, pp. xv, 774 ; with 98 plates, and about 70 figures 
in the te.xt. Part II, Irriga'ion. pp. vili, 123. 

These volumes were distributed to working geologists and libraries a 
few months ago. During the fiscal year reported, an aggregate area of 
43,222 square miles, including parts of twenty-three states and territo- 
ries, was surveyed and mapped. The topographic surveys have been 
extended over the whole of Massachusetts, Rhode Island and New- 
Jersey ; more than half of Virginia and West Virginia ; approximately 
two- fifths of Missouri, Kansas, and Arizona; a quarter of Maryland and 
Tennessee; and a sixth of North Carolina, Georgia, Alabama, Kentuck}-, 
and California. About a tenth part of the national domain has been 
thus accuratelv surveved. 
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Summaries of the work of this survey, and of the present state of 
knowledge of North American geologic systems, with correlation of 
formations throughout the country, were in progress of preparation, as 
follows : on the Pleistocene, by T. C. Chamberlin ; Neocene, William H. 
Dall ; Eocene, W. B. Clark ; Cretaceous ( including the Laramie ), C. A. 
White ; Jura-Trias, I. C. Russell ; Carboniferous and Devonian, H. S. 
Williams ; Silurian and Cambrian, C. D. Walcott ; Algonkian and 
Archtean, C. R. Van Hise ; correlation by vertebrate palaeontology, O. C. 
Marsh : correlation by paltt;obotany, Lester F. Ward ; resume of North 
American stratigraphy, W. J. McGee ; and discussion of principles of 
correlation, G. K. Gilbert. Three of these memoirs, by White, Williams, 
and Walcott, have been since issued as bulletins of the survey. 

Professor Pumpelly's report of the progress of his investigation of the 
structure of the Green mountains shows that they consist of compressed 
folds overturned toward the west. The cores of the folds are pre- 
Cambrian crystalline rocks, which are generally hidden. Metamor- 
phosed detrital rocks form the surface, apparently comprising the entire 
Cambriam system and the Silurian upward to the Hudson River forma- 
tion. 

In the woric of the Atlantic Coast division, under the direction of 
Prof. N. S. Shaler, the morasses and superficial deposits of Massachu- 
setts have been mapped, and are found to exhibit a gradual decrease 
of stratified gravel, sand and clay, and an increase of the areas of till, in 
proceeding from the seaboard inland to the western and higher part of 
the state ; moraines have been discovered in the interior, far back from 
the great terminal moraine which forms the crest of Long Island, and 
the drumlins are found to display diverse degrees of development, the 
least prominent grading insensibly into ordinary sheet till. 

The structure aud origin of the Appalachian mountains have been 
studied by Mr. G. K. Gilbert, and Mr. Bailey Willis, and the latter has 
undertaken a series of experiments to represent in miniature the folds 
of these mountains by subjecting layers of plastic material to lateral 
thrust. 

Exploration of the rock formations surrounding lake Superior, by 
Prof. C. II Van Hise, has been extended over a large area, in north- 
eantern Minnesota and northern Wisconsin and Michigan. For the 
extensive series of rocks, supposed to be beneath the Cambrian and 
above the Archaean, well developed in this district, the name Algonkian 
is proposed. This is another addition to the synonymy of the already 
burdensome and complicated nomenclature of this uncertain horizon in 
the geological scale. 

In the Glacial division, under the direction of Pres. T. 0. Cham- 
berlin, work has related to the glacial Lake Agassiz ; to the terminal 
moraines, and the succession of deposits which make up the general 
drift sheet : the gravels and sands of glacial origin continuing beyond 
the limit of the ice incursions in the basin of the Mississipi ; trains of 
boulders in Wisconsin : and the osars, kames, and valley drift in Maine. 
Reports on most of these subjects are nearly ready for publication. 
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Dr. A. C. Peale in central Montana, has examined a type section of 
the entire PalfFOZoic system from the Carboniferous to the Algonkian, 
inclusive, finding every principal division distinctively developed. 

The field work in the Yellowstone National Park, under the direction 
of Mr. Arnold Hague, comprised the continuation of observations of the 
geysers, and e8pe< ially the careful study of the Excelsior geyser, which, 
after lying dormant for nearly six years has burst into renewed activity, 
concurrently with the disappearance of several hot springs and small 
streams. The topographic maps of the Park, and the delineation of the 
areal geology, are completed. 

Mr. S. P. Emmons has nearly finished the preparation of monographs on 
the Ten Mile and Silver Creek mining districts in Colorado, and on the 
Denver coal basin. A most Interesting formation, underlying the city of 
Denver from which it is named, was discovered during the year covered 
by this report and has been described by Mr. Whitman Cross. It is prob- 
ably of Eocene age, and consists of sediments eroded from andesltic lavas , 
but the situation of the area thus denuded has not been determined. 

In California Mr. G. F. Becker, spent the greater part of the year in 
surveys of the Gold Belt, tentatively mapping the geologic formations 
of about half of the auriferous region. Well-preserved glacial stria* 
have l)een found on portions of the walls of the Yosemite Valley, and 
on the head-waters of the Kaweah river, farther south than any locality 
previously known. *' Here, as elsewhere in the Sierras, the ice marking 
is wonderfully fresh. Although the streams are roaring torrents of 
high declivity they have coiraded but a few feet of rock since the 
glaciers disappeared.*' 

Mr. J. S. Diller, in charge of the Cascade division, was occupied 
during most of the season of field work in the collection of speci- 
mens of volcanic rocks from various points of the Cordilleran mountain 
belt, to form part of a series for distribution to the educational institu- 
tions of the country. The number of specimens collected to represent 
each variety of rock in the series, is 250. 

The chief work of Mr. W. J. McGee during the year was the com- 
pletion of his researches on the Pleistocene formations of northeastern 
Iowa. Dr. G. H. Williams was engaged in study of the crystalline 
rocks of the Piedmont region in Mnryland ; and Mr. L. C. Johnson in- 
vestigated the Tertiary beds of the coastal plain in the southern states . 

This report also reviews the pala^ontologic work done for this survey 
by Prof. Marsh, Dr. Newberry, Prof. L. l^. Ward, Mr. F. H. Knowlton, 
Prof. W. M. Fontaine, Mr. C. D. Walcott, Prof. H. S. Williams, Dr. C. A. 
White, Dr. W. H. Dall, and Mr. S. H. Scudder : the work in the chemical 
and physical laboratories by Prof. F. W. Clarke, Dr. Carl Barus, and 
their assistants; the work of the petrographic laboratory by Messrs 
Diller, Hague, Iddin«?s, Bayley, and others ; and the work in mining 
statistics, and technology by Dr. David T. Day. 

The total value of the metallic products.of the United States, during 
1888 was $256,245,000, of which iron was ♦107,000,000 ; silver 1159.000,000 ; 
and gold and copper, each $88,000,000. Among the non-metallic mineral 
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products, which had an aggregate spot value of $329,914,000, bituminous 
coal was $122,000,000, anthracite coal, $89,000,000 ; building ^tone, lime, 
and petroleum, each about $25,000,000; and natural gas $22,662,000. 
Next to these, but far below, are cement and salt, each about $4,000,000. 

The report of the director and the administrative reports of tbe heads 
of divisions, which together All 252 pages, are accompanied by three im- 
portant papers, entitled, General account of the Fresh-water Morasses 
of the United States, with a description of the Dismal Swamp district of 
Virginia, and North Carolina, by N. S. Shaler ; the Penokee Iron-bear- 
ing series of Michigan and Wisconsio, by R D. Irving and C. R. Van 
Hise ; and The Fauna of the Lower Cambrian or Olenellus zone, by C. 
D. Walcott. Reviews of the lirst and second of these papers were pre- 
sented in the 3Iarch Geoixxsist and of the second in vol. viii, p. 82. 

Part II, relating to irrigation, describes the surveys which have been 
entered upon in the great arid region of the ])]aln8 and of the Cordii- 
leran belt, with its enclosed basins. The topographic work was in 
charge of Prof. A. H. Thompson, and the engineering and hydraulic 
work under Capt. C. E. Dutton. 

Mt, St. Elias and itn Glaciers, Bv I. C. Russell. The mist which has 
80 long enshrouded this mountain has been in part dispelled during the 
past summer by the expedition of Mr. Russell of which he gives an ac- 
count in the American Jour mil of Science and the National Oeographie 
Magazine, Though unable to reach the summit ou account of bad 
weather, he camped with his party at an elevation of eight thousand feet 
for twelve days, and made one unsuccessful expedition toward the sum- 
mit, the only one allowed by the weather. Snow also prevented much 
examination of the rocks but he reports them as consisting for the most 
part of brown sandstone and dark shale, witli intrusions of diorite and a 
few beds of limestone. The dip is almost invariably to the northeast 
but the thickness could not even be estimated in consequence of crush- 
ing and overthrusts on a grand scale. No clue is given to the geological 
date of the rocks, but as specimens of shells yet living in the adjoining 
sea were found in recent strata on the sides of the mountain the conclu- 
sion is reached that its elevation must be verv recent. Indeed, Mr. Rus- 
sell says that in his opinion the glaciers took possession of the ground 
at once, leaving no interval for tne action of stream-erosion. 

The hight of the limit of perpetual snow is given at 2000 feet and 
some of the glaciers are fifty miles in length. Man}' of these unite to 
form the great Malaspina glacier with an approximate area of 1500 s<iuare 
miles and lying at an elevation of about 1500 feet. This glacier de- 
bouches on Yakutat bay and the Pacific ocean between which and the 
ice Intervenes a wide drift-covered area partly overgrown with timber. 

Mr. Russell calls special attention in his concluding paragraphs to the 
marginal lakes which are formed at the hight of a thousand or fifteen 
hundred feet, wherever the drainage is blocked by the ice and to the 
deltas and terraces that are formed on the edges by these lakes which will 
be left, he says, hiirh on the mouutain side when the glacier melts away. 
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The hight of this mountain which has been so long in doubt has been 
measured by Mr. Russell as closely as was possible with the means at 
his command, and found to be 18,100 feet, with a possible error of 100 
ieet. This, with one exception, that of the U. S. Coast Survey, which 
gave 19,500 feet, is the greatest hight that has been assigned to this 
peak. Other estimates have varied from 12,673 feet upwards. Its posi- 
tion as determined by Mr. Russell is just within the U. S. frontier and 
he calls it a corner monument of the national domain. 

Parka decipuns by Sir J. W. Dawson and Prop. 1). P. Penh allow. 
In a memoir presented to the Royal Society of Canada this problematic 
organism is well discussed by both these writers. Parka so well named 
decipiens has been an object of controversy ever since its first description 
in 1831. Regarded by Dr. Fleming as a seed this view was confirmed by 
later observers, especially by Hugh Miller. Then the opinion was ad- 
vanced apparently b}-^ Lyell, that these bodies were the eggs of some mol- 
lusc such as Natica, or of some crustacean such as Pterygotus, the latter 
of which was frequently found in the same beds. Other writers fol- 
lowing these adopted apparently without original investigation, the same 
view. Having received from Scotland some fresh specimens of Parka, 
these were made the subject of a careful investigation by the two botan- 
ists named, and their deliberate conclusion reverses the latter and recurs 
to the earlier view of their nature. Judging from the statements that 
they make, and the figures given therewith, little room for doubt re- 
mains as to the accuracy of this determination. They make the species 
and two varieties media and minor. 

In another pamphlet reprinted from the Canadian Heeord of Science, 
Prof. Penhallow establishes also on material received from Scotland the 
^enus Zosterophyllum with one species Myretonianum, found associated 
with Parka decipiens in Devonian rocks, in Caithness. He also describes 
a Lycopodite^ (milleri) from the same beds. 

Prof. Penhallow also describes in the same transactions two specimens 
of semifossil wood from the Post-glacial beds of Illinois. To one of 
these he applies the name Quercus marcyana from Prof. Marcy of Evans- • 
ton, who sent him the material and to the other that of Pic^a evanstoni 
from the place where both were found. The pine occurred in a thin 
layer of peat immediately overlying the boulder-clay, and apparently in 
the place of its original growth. The oak lay at a higher level in sand, 
and had probably been fioated to the place. Both trees were in the 
lowest of the three lake-ridges at Chicago, near the spot from which 
some years ago the bones of a mastodon were exhumed. 

Altitudes between Lake Superuyr and the Rocky Mountains. By Warrek 

Ui»HAM. pp. 229. (Bulletin No. 72, U. S. Geological Survey, 1891. Price 

20 cents.) The altitudes of railway stations, summits, bridges, and low 

•and high water of streams are here tabulated, with distances in miles 
and tenths, compiled from the profiles of about 18,500 miles of railway 

lines in Mionesota, North and South Dakota, Montana, and portions of 
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adjoining states, with the entire system of the Canadian Pacific railway, 
and its connections from Port Arthur to the Paciflc. Series of altitudes 
along the course of the principal rivers are also arranged separately 
in tabular form, including the lowest and highest stages of the Missis- 
sippi and Missouri rivers, during many years at stations along all their 
course, as determined by the Mississippi and Missouri River Commis- 
sions. The basis of reference throughout is the mean sea level. 

The Viscosity of Solids. By Cakt. Bakcs. pp. 139; with 6 plates, 
and 28 figures in the text. ( Bulletin No. 78, U. S. Geol. Survey, 1891. 
Price 15 cents ) This treatise is a contribution toward the solution of 
(iuestions bearing on the viscosity of rock masses, following a general 
plan devised by Mr. Clarence King. The experimental investigation of 
the viscosity of steel leads the author to believe that he has discovered 
a reliable working hypothesis substantially corroborative of MaxwelPs 
theory on this subject. 

T/t4' Minerals of North Carolina, By FiiEDERrcK A. Gentii. pp. 
119. (Bulletin No. 74, U. S. Geol. Survey, 1891. Price, 15 cents.) Since 
the publicRtion of the latest previous catalogue of the minerals of this 
state in 1881, there has been great activity in the development of its 
mining; and by the reopening of old localities and the discovery of new 
deposits, a considerable number of species have been added. The 
author states that " minerals formerly supposed to lie rare are now found 
abundantly, and through the recent developments of chemical industry 
oven such unusual species as samarskite, monazite and zircon have 
acquired commercial importance. Por example, in response to an in- 
dustrial demand. North Carolina has supplied zircon and monazite by 
the ton, and samarskite by the hundred w^eight; and the output can be 
increased almost indeiinitely.*' Many new analyses are presented in 
this memoir. 

lierord of North American Geology for 1881 to 1889, inrltmre By 
Nel,s<»n Hokatio Darton. pp. 173. (Bulletin No. 75, U. S. Geol. 
Survey, 1891. Price 15 centH.) The scope of this record includes Geo- 
logic publicatious printed in North America, and publications relating 
to North American geology wherever printed. The entries, which are 
all arranged ia a single alphabetic se(iuence, comprise authors* names, 
witli full titles of separate papers and concise descriptive notes of their 
contents ; titles of journals, state and national government reports, etc., 
under which authors and short titles of the contained papers are given ; 
and subject references, which are geographic, stratigraphic, and mis- 
cellaneous. 

A Dictionary of Alt it u den in the Vnitrd State* (neeond edition). Com- 
piled by Henkt Gannett, Chief Topographer, pp.393. (Bulletin No. 76, 
U. S. Geol. Survey, 1891. Price, 25 cents.) This work contains consider- 
ably more extensive data than its earlier edition, which was published in 
1884 ; the a<ldition8 being mainly altitudes determined by railroad sur- 
veys. It Is also more convenient for reference, as all the points noted 
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are arranged in a single alphabetic li^t, instead of the former separate 
grouping for each state and territory. 

Travels Amongst the Great Andes of live EqiuUor. By Edwaud Whym- 
PER. pp. xxiv, 456 ; with four maps, 20 full page illustrations, and 118 
figures in the text. (New York : Charles Scrlbner's Sons, 1892.) In 
this very interesting narrative of the author^s mountain climbing in 
Equador, the geographer, geologist, archaeologist, meteorologist, botan- 
ist, and zoologist (especially the entomologist), encounter many valuable 
scientific notes. Mr. Whymper fouod that a stay during several days 
at high altitudes accustomed him to endure the rarified atmosphere 
with less discomfort. Mercurial barometers were used for the determi- 
nation of the great bights of Chimborazo (20,498 feet), Cotopaxi (19,613 
feet), Antisana ( 19,335 feet;, Cayambe (19,186 feet ), and the other some- 
what less lofty volcanic cones of this portion of the Andes. The best 
aneroid barometers were found to be very unreliable at the altitude of 
Quito (9,350 feet), and during all the high ascents, so that they required 
careful comparison with the mercurial column for learning the irregular 
variations in their index-errors. 

The genus Lituitesj Breyn, — Dr. Gerhard Holm publishes in the Pro- 
ceedings of the Geological Society of Stockholm (Vol. 13, pp. 736 et al.) 
a valuable contribution to this genus, especially so far as relates to the 
lobes. He was fortunate enough to obtain some beautifully preserved 
flpecimens of Z. litnus Mont., L. tenucaulU Rem, and some other forms, 
among which is one new one (L. disears). He finds that there are in com- 
plete specimens no less than five lobes, with the exception of X. discors 
Holm, in which there are three lobes, and L. pr(ecurrensj in which there 
are only two. There is, however, some doubt about this last species, and 
it may probably have to be referred to another genus. 



REOEXT PUBLICATIONS. 



/. State and Government Reports, 

Indiana. Department of Geology and Natural History. Sixteenth 
Annual Report. Maurice Thompson, State Geologist. 1888. pp. 472, 
10 plates and Natural Gas Map. Indianapolis, 1889. 

Bulletin of the U. S. National Museum, No. 42. A Preliminary De- 
scriptive Catalogue of the Systematic Collections in Economic Geology 
and Metallurgy in the Museum, by F. P. Dewey, pp. 250 with plates. 
Washington, 1891. 

Report on the Coal Measures of the Plateau Region of Alabama, by 
H. McCalley; with a Report on the Coal Measures of Rlount county, by 
A. M. Gibson, Geological Survey of Alabama, pp. 238, with mai> and 
sections. Montgomery, 1891. 

Geological and Natural History Survey of Minnesota. Nineteenth 
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Annual Report, for 1890, by N. H. Wliiclreff. jrp. ISS^ wfti^ iHustiJtiU Ba ; 

Minneapolis, 1892. 

//. Proceedings of Scientific Societies. 

The Journal of the Cincinnati Society of Natural History, Vol. xi\\ 
Nos. 3 and 4 contain: Manual of the Paleontology of the Cincinnati 
Group, by Jos. F. James; Description of some Subcarboniferous and 
Carboniferous Cephalopoda, by S. A. Miller and Chas. Faber. 

Proceedings of the Philadelphia Academy of Natural Sciences, 1891, 
Part III contains: Notes on some little known American Fossil Tor- 
toises, by Dr. G, Baur; A new Meteoric iron from Garrett Co., Md., by 
A. E. Foote; Preliminary Notice of some Minerals from the Serpentine 
Belt, near Easton, Pa., by John Eyerman. 



COERESPONDElJfCE. 



The Deltas of the Mohawk. — Pending further investigation, per- 
mit me to make the following brief preliminary statement relating to 
observations bearing on the origin of the terraces of the Mohawk valley 
and the Iroquois beach. 

The terraces of the Mohawk valley are strongly developed, especially 
along its north or Adironack side. Each terrace is associated with some 
tributary of the Mohawk. More and longer streams enter from the 
north than the south, and they How down steeper slopes and have greater 
transporting powe^. Each terrace is built up about the mouth of a 
stream in the form of a delta, as though the stream had entered a lake 
or estuary of still water. In a few instances where there is a consider- 
able distance between the larger tributaries there is no terrace. In 
general, the magnitude of the terraces appears to be proportional to the 
size of the streams which made them. The long heavy terrace below 
Herkimer appears to be the delta of Canada creek, which is the largest 
tributary from the north. This great deposit choked the Mohawk valley 
from side to side for a considerable distance, and was probably the 
agent which turned the river out of its old bed and forced it over the 
rocky ledge at Little Falls a few miles below. 

If these terraces are in fact deltas, then the water in which they were 
made must have been either a lake or a marine estuary. Prof. Merrill 
has already described estuarine deltas along the Hudson from New York 
city to Fishkill, rising toward the nortli, and then again at Albany and 
Schenectady at an altitade of 340 feet. If the old Hudson marine estu- 
ary reached Albany it was probably continuous with the post-glacial 
submergence of the Champlain basin. In this event it is hard to see 
how the Mohawk valley could have escaped being a marine estuary also. 
If it was, then the great deposits near Albany can hardly have been 
made by the Mohawk, but are probably the delta of the upper Hudson, 
This explanation comports best with the delta-form terraces of the Mo- 
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hawk which were plakil]^ lonuid m the aoHie mtar bed^. Tha uy|wi 
Hutenv w b^ ftir the largest stream descending from the Adirondacks 
and would naturally build a correspondingly large delta. 

At Rome the level of the Iroquois beach projected into the Mohawk 
valley appears to And a perfect continuation in the water-plane in which 
the terraces were formed. If the Mohawk was a marine estuary and had 
free connection with the Iroquois basin on the level of its great beach, 
it seems natural to conclude that the Iroquois beach is also of marine 
origin. No doubt a great glacier-dammed lake once tilled the Ontario 
basin and had a river outlet past Rome down the Mohawk. But a ma- 
rine invasion of later date may have obliterated its marks and built up 
over them the present estuarine deltas of the Mohawk and the Iroquois 
beach. The fall of 100 feet in tlie old water level from Rome to Schen- 
ectady is not necessarily the fall of a river, but is probably a part of 
the general northward rise, or a mere local variation. What I have seen 
thus far indicates that the terraces of the Mohawk are estuarine deltas 
and not true river terraces. F. Bursley Taylor. 

Foi't Wayne, Ind., April 9, 1892. 

A CarreHion, Note on the Paper on Deconian Hocks of BueJianan 
County^ latca, in the American Geologist for September^ 1891. — In the paper 
mentioned in the title of this note I made the statement that beds of 
brecciated limestone lie at the base of the Devonian series in Buchanan 
county, Iowa, and that this was succeeded by the Independence shales. 
The Independence shales were originally exposed by putting down a 
shaft in the bottom of what is known as the old Kilduff qaarry, near In- 
dependence. In this shaft, beds containing Oyroceras and Oypidula were 
found immediately overlying the shales, but none of the beds showed 
any signs of being brecciated. Beds of brecciated limestone are ex- 
posed in the bed of the river below the bridge at Independence, and it 
was concluded that since no such beds were found above the shales at 
Eilduff's, the breccia must lie below them. Subsequent observations, 
made more thoroughly and in detail, revealed this state of affairs: The 
Gyrpceras beds to a thickness of twenty feet or more, have in general, 
over an area reaching at least from Fayette to Troy Mills, been broken 
up, and the angular fragments re-cemented to form the brecciated lime- 
stone so conspicuous at many widely separated points within the Devon- 
ian area of Iowa. The beds affected were not entirely converted into 
breccia, for it is occasionally found to be the case that over patches sev- 
eral rods in diameter the Gyroceras beds, with their associated layers, 
retain their original position undisturbed. It would seem that the shaft 
at the Kilduff quarry passed through one of these undisturbed patches, 
and so led to the conclusion that the breccia exposed at the bridge in 
Independence could not be above, but must lie beneath, the stiales. Those 
who are interested will kindly note this correction in connection with 
the article in the Geolooist, Vol. VIII, p. 142. 

A few points have been found where the shales, by a little digging, 
may be seen beneath the breccia. S. Calvin. 
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PERSONAL AND SCIENTIFIC NEWS. 



Topographic Map of the United States. — Mr. Heurv Oaii- 
nett, Chief of the Topographic work of the United States Survey, 
is the author of an elegant suit^ of maps of the United States re- 
cently printed by the sun'ey. Last year he issued a limited edi- 
tion of a large map of the series in nine sheets, which recently 
have been reprinted in a reduced scale of 80x20 inches ui)on a 
single sheet. 

The map is intended primarily to show the hypsometric and 
drainage features of our countr}', with a minimum of political 
features, only sufficient to enable the natural features to bo" 
located. The altitudes are shown by contour lines printed in 
brown, the streams in ])lue and political features in black. Va- 
rious editions are issued showing either one, two or all these 
features, and are artistically and beautifulh' printed. 

These maps are an invaluable addition to the cartography of 
our country, not only for their educational value, but as appro- 
priate bases for the platting of physiographic and geologic data of 
every kind, and Mr. Gannett hius done a service to science by 
their preparation. 

Prof. II. S. Williams, professor of geology at Cornell Uni- 
versity has accepted the chair of geology at Yale University. 

Prof. James E. Todd, of Tabor, Iowa, has been elected pro- 
fessor of geology and mineralogy at the University of South Da- 
kota, Vermillion. 

Mr. Robert Ktheridoe, well known b}* his paleontological 
labors during many years of active work on the geological survey 
of Great Britain, has retired with well-earned honors, and his 
place as assistant keeper of the geologic£^l department of the 
British Museum has been filled by the appointment of Mr. A. 
Smith Woodward, author of the catalogue of fossil fishes in the 
British Museum. Mr. Woodward's name is already well known 
among paleontologists in America, as he visited this country 
about two years ago, and remained for several months. 

A Geolouical Survey for Iowa has been provided for by a bill 
recently passed by the State Legislature. For the supjwrt of the 
survey for the next biennal period the bill appropriates twenty 
thousand dollars. The Geological Board will consist of the (iov- 
ernor, the State Auditor, the President of the Univei"sity, the 
Pr(*sident of the Agricultural College, and the President of the 
Iowa Academv of Science. 

A coi'RSE of University Extension LECTrREs on Win-hl 
Making has been given at Davenport, I>es Moines and Iowa City, 
by profes.sors from the State University of Iowa. The success 
attending these lectures shows that the intelligent public may 
easily become deeply interested in geological problems. 
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THE DOUBLE MOUNTAIN SECTION. 

(Plate VIII.) 

By E. T. DuxBLjB and W, F. CirxMiNa, Austin, Tex. 

In pursuance of the work of the survey, in making a section 
across the Permian strata of Texas, we left Abilene early in Octo- 
ber, 1889, and traveled north and a little east to the contact of 
the Carboniferous and Permian, on the Clear fork of the Brazos 
in Throckmorton county. From here we turned directly west 
crossing the Permian beds to the Double mountains, where we 
expected to find the contact between the underlying Permian and 
any Triassic or Jurassic beds which might occur, and the overly- 
ing Cretaceous. While we found no Jurassic, the section of these 
mountains is nevertheless of interest, since it is the most northern 
point in this northwestern portion of the state at which the beds 
of the Lower Cretaceous are exposed, and the most easterly ex- 
posure of the Trias which we have been able to recognize. 

The Double mountains are situated in the southwestern comer 
of Stonewall county between the Double Mountain fork and the 
Salt fork of the Bruzos, just south of the thirty-third parallel of 
latitude, and in longitude 100° 25'. They consist in reality of 
three peaks or buttes, one of which, however, is so situated with 
reference to the other two as to be invisible on the approach from 
the southwest in consequence of which they have received their 
name. Two. of the peaks present the usual butte structure so 
characteristic of the Cretaceous hills, when capped with the Ca- 
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prina limestone. The third, however, is a true peak in form, the 
hard limestone having been eroded from its top. Lower down 
the different beds of massive gypsum form benches around the 
side of the mountains and the clays which form their bases have 
been washed into innumerable canons which are often entirely 
impassable. 

Salt creek, a branch of the Double Mountain fork, is located 
about four miles east of the mountains. From this creek, which 
is the beginning of the ascent, to the summit of the highest peak, 
is by barometric measurement eight hundred and forty-five feet, 
of which amount three hundred and twent}' feet are passed before 
the ascent of the mountain proper begins, giving it an elevation 
of live hundred and twenty- five feet above its immediately sur- 
rounding country. 

Climbing the successive ledges of sand, gypsum, clay and 
limestone until the summit of the mountain was reached, we ob- 
tained a view embracing many miles of the country. It stretched 
out before us gently undulating, open, without timl>er save here 
and there a scattering thicket of mesquite. The Salt fork to the 
north and the Double Mountain fork to the south wound their 
ways eastward toward their junction as slender threads of yellow- 
ish red. Very few evidences of settlement were to be seen. On 
the flats were many water-holes filled by the recent rains, and cat- 
tle could be seen scattered here and there in all directions. To 
the south, probably as much as twenty-five or thirty miles, a 
series of flat topped hills were seen stretching along the horizon, 
while to the west, at a very considerable distance, there were 
three or four buttcs of similar form to that on which we were 
standing, and which we took to be Mt. McKinzie and its neigh- 
bors. These were backed by the blue scarp of the Staked Plains. 
Kiowa peak, some thirty miles to the north, was invisible. 

GENERAL SECTION. 

Section of the eastern peak of Double mountain, beginning at the top: 
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1. Caprina limestone 40 feet 

2. Comanche Peak series -^5 " 

3. Trinity -5 « 






3a. Dockum 35 " 
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4. Shaly clay, uaderlaid by red or terra-coua 
sandstone 1 05 fee*. 

5. Upper Gypsum beds 60 '• 

^ 6. Middle Gypsum beds 75 " 

^ [7. Lower Gypsum beds 185 " 



CRETACEOUS. 

1, Cuprina Limestone. 
The Caprina liinestx)ne which caps the mountains has a total 
thickness of fort}'' feet. It is deeply fissured in places, and the 
rapid erosion of the softer underlying materials has scattered its 
debris down all sides of the mountain. In structure, it presents 
the usual characteristics of this limestone and on the surface often 
shows a ferruginoup weathering of the Caprina so common in 
western Texas. The rock in this locality contains many Hipjmrites 
of large size, and the Caprina forms found in it are varied and some 
of them heretofore unknown. They have, however, since been 
found in rocks of the same horizon, in an exposure on Barton 
creek near Austin, and also at other localities in Western Texas. 

2. Comanche Peak Series. 
The rocks of the Comanche series are here separable apparently 
into three distinct divisions, the upper of which is a series of im- 
pure argillaceous limestones having an entire thickness of twenty 
feet, the top being much more shaly than the bottom. Tbe fossils 
are very numerous and well preserved, but diligent search failed 
to show a single Gryph.ea pitcheri in it. The second division is^ 
somewhat similar in composition but more indurated and is of 
a yellow^ color. Some of the fossils in this bed had been altered 
into calcite. In it we fouud very ^'ew specimens of Grt/phcea 
pitcheri. The third division consists of a shaly limestone con- 
taining a great abundance of very small fossils overlying a marly 
limestone, which is in turn underlaid by the Gryphaea conglom- 
erate, which here as elsewhere is almost a solid mass of individ- 
uals of this species. The fossils throughout are abundant and 
well preserved, and correspond in the main with those of typical 
sections farther east. 

3. Trinity Beds. 
Immediately underlying the Gryphra conglomerate is a bed of 
yellow sand about ten feet in thickness, which at the time of 
making the section was considered as the upper portion of the 
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Trinity sands. It diflfered, however, from the beds previously 
referred to this horizon in Texas, in the fossils which were found 
in it. These consisted of an oyster which differed from 0. frank- 
lini Coquand, and is now recognized as a new species, Pleurocera 
•strombi/omits Schloth, Exogyra texana Roemer, Gryphcea pitch- 
eri Mort. The association of these fossils in this way had not 
been reported previously, and in order to be certain of their ex- 
istence together in the same stratum we dug into the bed far 
enough to prove it absolutely. Since later investigations have 
shown the <* Alternating Beds" to be a part of the Trinity sands, 
and the fossiliferous part, and that at their thinning out on the 
northern border the fossils still continue for u limited distance in 
a calcareous sand, this bed would seem to indicate a similar con- 
dition at this locality, and that it should be referred to the * * Al- 
ternating Beds" of the Trinity division. Otherwise it would ap- 
pear to be a transition bed between the Trinity sands and the 
Comanche group. 

Underlying the yellow sand are twelve feet of purple and mot- 
tled sand which are very gypsiferous, and below them we find a 
bed of cross bedded indurated sands. A few bright colored peb- 
bles are scattered through this bed and seem to be of soiuewhat 
larger quantity toward the base. In this bed are also found the 
botryoidal layers of sandstone so often observed in the same beds 
to the east. 

Sa. Trias fic. 

The basal crossbedded sands of tne Trinity rest with slight un- 
<;oaformity upon a series of purple, red and mottled sands which 
pass at the bottom into a conglomerate of bright colored pebbles. 
The same bright colored pebbles are found scattered through the 
bed from bottom to top singly and in nests or even forming thin 
:strata in places. Although in the original section it was referred 
to the Trinity, the character of the material is now known to be 
identii^al with that described under the name of Dockum beds 
in the first annual report of this survey, and it is, therefore, 
referred to the Triassic, although we were unable to find fossils 
at the Double mountain locality such as occur in the beds near 
Dockum. 

These becis have a total thickness of thirty-five feet. 

All of the deposits included in the Triassic and Cretaceous have 
a slight dip towards the southeast. 
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i. Permian, 

Underlying the conglomerate last mentioned but separated by a 
bold unconformity we find five feet of shaly clay dipping toward 
the northwest. It is underlaid bv a red or terra-cotta sandstone 
somewhat mixed with clay toward the top and bedded in layers 
which vary in thickness from one foot to an inch or less. There 
are one or two thin seams of impure limestone imbedded in the 
sand, but although most careful search was made for fossils none 
were found. 

5. Gypsum Beds. 

The red, or terra-cotta, sandstone rests directlj^ upon the upper 
gypsum beds which consist of an upper layer of gypsum under- 
laid by yellow and red sandy clays or shales which are much cross 
bedded. Gypsum also occurs throughout the clays. 

6. Middle Gypsum, Beds. 

These consist also of an upper layer of massive gypsum more 
than ten feet in thickness, which is underlaid by a series of red 
and blue gypsiferous clays and shales. 

7. Lower Gypsum Beds. 

Massive and shaly gypsum varying in color from white to rose 
red, underlaid by thin bedded sandy clays and shale with gypsum. 

There was some difference in dip noticed between the three beds 
of gypsum. However, with the amount of detritus which occurs 
on the side of the mountains and the constant suberosion which is 
going on, such appearances cannot be taken as representing the 
true dip of the beds, which all dip probably to the northwest, 
except the Triassic and Cretaceous which dip distinctly to the 
southeast. 

No beds were found which could in any way be referred to the 
Jurassic and since the accumulation of evidence seems to be in 
favor of the retention of the Trinity in the Cretaceous system in 
spite of the Jurassic affinities of certain of its ostrean forms it 
would seem that deposits referable to the Jura are entirely want- 
ing in Texas, at least east of the Pecos river. 
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PROF. I. C. WHITE'S "STRATIGRAPHY OF THE 
BITUMINOUS COAL FIELD OF PENNSYL- 
VANIA, OHIO AND WEST VIRGINIA." 

John J. Stevenson, New York. 

Tbe geologists of the first geological survey of Pennsylvania 
labored under very serious disadvantages in the western part of 
the state; they had no barometers, not even good Locke's levels; 
much of the countrj'^ was still wilderness; there were no railroad 
cuttings; even the cuttings made for the turnpikes had. become 
covered with debris or sod; coal shafts, except near Pittsburgh or 
some other large city were unknown; records of borings were 
iindreamed of; where twenty' coal pits are open now, there was 
barely one then. Remembering these disadvantages, we are not 
surprised by defects found in the work of the older geologists, 
but we are astonished at the wonderful skill with which the struct- 
ure was worked out and at the accuracy characterizing most of 
the detailed examinations. But too often the distance between 
one good section and the next was so great that identifications 
were sometimes made at hazard, so that a feeling of uncertainly 
prevailed respecting the true relations of different parts of the 
Coal Measures column. 

For this reason, prior to the work of the second geological 
sun^ey of Pennsylvania, great difficulty was experienced in mak- 
ing comparisons of the Ohio, Pennsylvania and West Virginia 
sections; Newberry made identifications of the lower coals of 
Ohio with the lower coals of Pennsylvania; the writer did the same 
for the upper coals of those states and offered some suggestions 
respecting the relations of the West Virginia beds to those of 
Pennsylvania. The groupings and identifications were quite as 
good as could be expected under the circumstances; for which 
reason, doubtless, they have been permitted to rest in the peace 
of oblivion for about twenty years. But the excellence of tbe 
work done by the older Pennsylvania geologists as well as by 
those of the Ohio survey was discovered when the 2d Pennsyl- 
vania survey undertook the correlation: for, after Prof. 1. C. 
White had completed the work along the state line and had cor- 
rected the defects in the work of those who had preceded him, be 
found no difficulty in utilizing the material gathered by his pre- 
decessors. His memoir, lately issued as a bulletin of the ll. S. 
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geological survey, is merely a more extended bit of work like 
that done for the Ohio state line in Pennsylvania. 

This synopsis of the bituminous coal field is no mere com- 
pilation. Prof. White's work began in 1875, when, asthe writer's 
aide on the 2d Pennsylvania survej', he worked out the highest 
rocks of the Appalachian area, and secured the knowledge which 
has made him an authority on the series above the Pittsburgh 
coal bed; afterwards he unraveled the tangle along the state 
line; his economic investigations in later years compelled the 
underground tracing of the beds in oil-borings and the study of 
outcrop lines and cross sections in West Y.'rginia far more in de- 
tail than could be required under ordinary conditions. To utilize 
his material it was necessary to connect with the Ohio survey and to 
make use of its work. The compact statement before us presents 
the summary of facts obtained during fifteen years of ^^.Id work. 

The author's division of the Carboniferous into 

Upper, with alternations of fresh and brackish water. 
Middle, with alternation of marine and freshwater conditions, 
Lower, wholly marine. 

answers well for the greater portion of the Appalachian area and 
appears to answer, with rare exceptions, for the region under con- 
sideration, the only exception being in southwestern Penns^i- 
vania, where marine fishes found their way far north at a late date ; 
but this cannot be regarded as militating against the general con- 
ditions described by Prof. White. The memoir treats onl}" of the 
Upper and the Middle Carl)oniferous, wuicu are divided into; — 

XVI. Permo-Carbonlferous—Dunkard Creek series. 
XV. Upper Coal Measures — Monon abela River series. 
XIV. Barren Measures— Elk Uiver series. 
XIII. Lower Coal Measures — Allegheny River series. 
XII. Potts ville Conglomerate. 

The line between Middle and Upper is drawn almost midway 
in XIV, the Lower Barren Measures of the older geologists. The 
grouping is that presented by the Rogers brothers more than half 
a century ago. 

A chapter is devoted to each series, in which Prof. White gives 
a resume of characteristics of the series as a whole, which is fol- 
lowed by vertical sections, so numerous and in such detail as to 
leave no room for doubt as to the accuracy of the identifications. 
The last portion of the chapter describes the more important mem- 
bers of the series. 



364 The American OeologisU Jnne, iww 

The discusriion of the Permo-Carboniferou3 is based chiefly on 
studies made in Pennsylvania and West Virginia, the references 
to Ohio sufficing merely to show the extent of the area in that state. 
The remarkable flora in the roof shales and partings of the 
Waynesburgh coal bed in southwest Pennsylvania and the northern 
part of West Virginia is briefly described. It was determined by 
Fontaine and White, who showed its intimate relation to the Per- 
mian flora of Europe. The exact relation of this upper portion 
of the Appalachian column to the section west from the Cincin- 
nati axis has yet to be determined; and the problem is compli- 
cated in many ways. The writer is inclined to think that the 
Permo- Carboniferous beds of southwest Pennsylvania are con- 
temporaneous with the upper part of the Upper Coal Measures 
within the Mississippi-Missouri region as well as with the Permian 
of Texas. Long after the appearance and after the practical dis- 
appearance of this flora within the Appalachian region, an incur- 
sion of the sea brought Khizodus from the outer ocean, so that 
scales of that fish are abundant in the shales accompanying the 
Blackville limestone at 120 feet above the Waynesburgh coal bed. 
But this in no wise aflTects the cardinal point in the case; the pres- 
ence of the plants attests that a portion of the Upper Carboniferous 
in this area is contemporaneous with the Permian of Europe, in 
so far as the testimony of plants can be taken in detail respecting 
a time when passage from the old into the newer had begun. So 
that now, there can be no doubt that our American Carboniferous 
represents the whole of the age as know^n in Europe, though, ap- 
parently, no change occurred in the American ocean or seas such 
as to justify the separation of the Permian as a distinct division 
of equal importance with our lower or upper Carboniferous. 

Prof. White's grouping of sections shows noteworthy variations 
in the southern limits of the principal beds of the Upper Coal 
Measures. The southern limit of the Pittsburgh and Waynes- 
burgh practically forms a northward loop around the Volcano 
anti-cline, so well known as the line along which oil wells have 
been productive in West Virginia and Ohio for more than twenty- 
flve years. The series is persistent here but the coals are want- 
ing. The sections of the Lower Coal Measures show a similar 
east and west loop in the Upper Freeport extending from Law- 
rence county of Kentucky into Raleigh county of West Virginia. 

The Barren Meiisures receive careful treatment; the description 
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shows remarkable uniformity of the general conditions over a 
great area, for the total thicknese varies little in the southern 
counties of Pennsylvania and for a long distance southward in 
West Virginia; while the more important beds are as persistent as 
similarly important beds in the Lower Coal Measures ; at the same 
time the thickness of intervals and the character of the rocks 
filling them show changes more abrupt and more striking than can 
be observed in any other portion of the column. 

The details respecting the Lower Coal Measures and the Con- 
glomerate Measures are of the utmost interest ; some of the iden- 
tifications in West Virginia are startling, but there seems to be no 
ground whatever, for taking exception to their accuracy. Nearly 
all of the material respecting West Virginia is new. 

But it is impossible within the limits of a notice to give a 
synopsis of a memoir, which is itself synoptical, a series of pre- 
sentations rather than a series of discussions; so that those in- 
terested in the bituminous area must be referred to the memoir 
itself. Those who have much to do with economic work will find 
this a more than useful handbook to expedite their explorations; 
those who have made careful studies in detached portions of the 
area will feel grateful for the systematic joining of those portions, 
even though it be done at the sacrifice of some cherished conjec- 
tures. Prof. White's treatment of his colleagues in this field is 
sufficiently comforting; he has ignored our faults and has ob- 
served our virtues — more than ouee to the extent of labeling good 
work of his own with the name of another. 



NOTE ON THE DIFFERENCES BETWEEN ACER- 

VULARIA PROFUNDA HALL, AND ACERVU- 

LARIA DAVIDSONI EDWAHDS AND HAIME. 

By 8. Calvin, Iowa City. 

The original description of Acerouhiria profunda Hall is found 
in Hall's Report on the Geological Survey of Iowa, published in 
1858. The specimens on which the species was lounded came 
from near Independence in Buchanan count}', Iowa. In the same 
report professor Hall, not without some hesitation, identifies an- 
other form found abundantly throughout the Devonian area in 
Iowa, with Acervnlaria dacidsoni Edwards and Haime. This, so 
far as I have been able to ascertain, was the first time the name 
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had been employed in a work published in America; for although 
Edwards and Haime*s specimens came from near Jeflfersonville, 
Indiana, the description of Aceroularia davidsoni appeared in the 
great monograph of the authors, published in France. 

It should be noted that near Jeff ersonville, Indiana, there oc- 
curs another form which authors, following the example of Ed- 
wards and Haime, usually refer to Cyathophyllum rugosuni Hall. 

The three species mentioned above, as recognized by every one 
who has handled them, are somewhat closely related. Dr. Rom- 
inger in Geologj' of Michigan, Vol. in, page 107, is disposed to 
regard them all as but varieties of one species. The Acervularia 
davi(Isom\ as it occurs in Iowa is somewhat sharply defined 
from either of the other two, while A. profunda exhibits a very 
intimate correspondence as to structure with Cyathophyllum rugo- 
sum from the falls of the Ohio. 

Comparmg A. profunda with A. davidsoni we' may note that it 
differs in the appearance and mode of growth of the corallum, in 
the greater tendency to independent grow h of corallites, in the 
size of the corallites, the shape of the calyx, the thicker, non- 
corrugated wall bj' which the individual corallites are bounded, 
the almost entire absence of an inner pseudo-wall defining a cen- 
tral area, and the thinner septa with more numerous and more 
conspicuously developed carinae. 

The A. profunda is a much coitrser looking species than A, 
davidsoni. Its lower surface is never as smooth and flat as is 
that of most coralla of the other species from Iowa. This sur- 
face is traversed radially by the outer corallites which stand out 
as strong transversely wrinkled ridges, sometimes almost entirely 
free from union with contiguous corallites. All the corallites 
show a remarkable tendency to independent growth, so that in 
some specimens a large proportion of the whole number of cor- 
allites stand apart on the upper surface of the corallum from those 
adjacent^ and are individuallj' covered externally with an inde- 
pendent epitheca. In certain modes of preservation the corallites 
are even separable into wrinkled, polygonal prisms that exactly 
imitate a very common condition in Cyathophyllum rugoRum, 

In the region from which Hall's type comes, the corallites of 
A, profunda are on the average somewhat larger than those of A. 
davidsoni. It is true that the corallites of both species vary with- 
in very wide limits, an 1 it is therefore quite possible that the 
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saperiority in size of A, 'profunda may not be maintained in all 
localities. In the Paleontology of Ohio, Vol. ii, page 240, Dr. 
Nicholson describes a form under the name of Acervularia pro- 
funda Hall, that is distinguished among other things by having 
the corallites smaller than in A. davidsoni. 

The shape of the calyx is markedly different in average speci- 
mens of the two species. In A. profunda the calyces are sepa- 
rated by relatively thin partitions owing to the manner in which 
the sides of the cup slope abruptly downward and inward from 
the margin; the septa are thin and have conspicuous, crowded 
<*arinae which are as fully developed near the margin of the calyx 
as around the central area, particulars in respect to which thej^ 
are in marked contrast with the septa of A. davidsoni. The 
septa differ still further from those of ^1. davidsoni in having more 
of their edges free and in having their pdges beautifully dentic- 
ulated. There is but little thickening of the septa to form a 
pseudo-wall around the central area; indeed this feature is, in a 
very large proportion of cases, wholly wanting. The secondary 
septa are nearly as long as the primaries and often become coa- 
lesced with the primaries inside the central area, 

Acervularia davidsoni Ed. and H., has a much wider geo- 
graphical range in Iowa than A. profunda Hall. The area in 
which .4. profunda occurs is nearly all included in parts of Buch- 
anan and Blackhawk counties, while the area over which the 
other species is distributed is many times greater. As pointed out 
in the Geologist for September, 1891, ^. profunda is not associated 
in the same beds with A. davidsoni, but occurs uniformly at a hori- 
zon a few feet lower. Outside the area occupied by A. profunda its 
place seems to have been taken by Phillipsastrea gig^as Owen. At 
least this last species, while never very common, occupies the same 
relative position a few feet below the horizon at which A. david- 
soni is found, and so far as known it is not present in the region 
in which A. profunda attains its maximum development. 

With respect to the particulars in which A. profunda differs 
from .4. davidsoni it agrees essentially in structure with Cyatho- 
phj/llum rugosum of authors, and it may therefore be regarded as 
the western representative of the last named species. If cari- 
nated septa have any generic significance, then Cyathophyllum 
rugosum is certainly not a Cyathophyllum at all. Whatever may 
be the signiticance of the carina; and other peculiarities of struct- 
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ure, C. riigosum and A. profunda must ultimately stand side by 
side in the same genus. 

Acervnlaria davidsoni stands somewhat apart from both of the 
foregoing species in a number of particulars. The calyces have 
a sharply defined central pit with explanate margins. In typical 
specimens the floor of the calyx, except in the central pit, is 
almost on a level with the margin; the septa are thick, scarcel}' 
denticulated, with but a small portion of their edges free; the 
carinse are few and clumsy and chiefly developed in the region 
immediately surrounding the central area. Around the edgo of 
the central area both primary and secondary septa are conspicu- 
ously thickened, the carinse are also developed there better than 
elsewhere, the effect being to produce in polished sections the ap- 
pearance of a bi-areal coral with a central area bounded by a defi- 
nite inner wall. Under the magnifier this wall is never complete. 
The thickened septa and strongly developed carinje never quite 
coalesce, so that the outer area is never, as in true bi-areal corals, 
perfectly shut off from the central space. At the margin of this 
central space the secondary septa all end more or less abruptly, 
and only the primary septa are continued as thin non-carinated 

lamellae into the central area. 

Acervnlaria davidsoni is certainly con-generic with some of the 
species referred to Acervnlaria by Edwards and Haime and other 
authors. Whether or not it is generically related to the type 
species of the genus may be left an open question. So long as 
genera are mere arti6cial creations, without sharply defined nat- 
ural boundaries separating one from another, it will do no violence 
to facts, but will be a mattei of convenience and at the same time 
give effect to a recognizable structural difference, if we keep A, 
davidsoni apart from typical forms of the genus Cyathophyllumy* 
and for the present at least retain it in the genus Acervnlaria, 
Along with A. davidsoni must go Acervnlaria ineqnalis Hall and 
Whitfield. Simply as a matter of convenience, but with less con- 
fidence as to the justness of the arrangement, we may add to the 
recognized species of Acervnlaria the A. profunda Hall, and the 
Cyathophyllum rugosnm Hall, as recognized by so many authors. 
The last two may yet, with perfect justice, be separated generic- 
ally from A. davidsoni. 

*l>r. iJoininger aiid s\r, W. J. D.ivis |)lace laid and related sp cJee un- 
d»*r tie jjeiiiH (J ffailytpaylluia. See G&dogy of Michigan^ ^o\. Hi ^ and 
Kentucky Fossi' Corala. 
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THF KAWISHIWIN AGGLOMERATE AT ELY, MINN. 

N. H. WiNCHELL, Minneapolis. 

It nas been stated that the gneisses and schists of the Archsean, 
in Minnesota, terminate upwardly by a great non-conformity with 
the overlying Taconic. It has also been shown that the upper- 
most member of the Archsean is the Keewatin, a series of schists, 
graywackes and variously reconstructed gneissic rocks. It has 
been shown, further, tiiat the youngest member of the Keewatin 
is the pronounced < 'greenstone" stage, in which occur the iron 
ores of the Vermilion iron range in Minnesota. This phase of 
the Keewatin has been designated specially Kawishiwin from the 
Kawishiwi river, on whose upper courses these rocks are exposed 
in favorable position for study. It has also been shown that 
these rocks have been subjected to great pressure, upheaval, 
shearing and fracture, resulting in very tortuous structures and 
complication of physical features. 

It has been a subject of much study and no little variety of 
opinion, as to the origin of these greenstones, — are they plutonic 
rocks that have been subjected to ' 'dynamic metamorphism" and 
thus caused to show the semi- decayed conditions that mark their 
mineral constituents, or are they sediments consolidated or 
''metamorphosed" so as to have lost their original structures and 
composition? Or, again, are they the result of a "crenitic" pro- 
cess, as suggested by the late T. Sterry Hunt, by which they are 
the reliquiae of mineral waters circulating through the crust of the 
earth, left at the surface on evaporation? Or are they the rem- 
nants of the primary basic doleritic crust of the earth, produced 
by the solidification of the primeval molten mass? 

Thev are not the remnants of the first cooled doleritic crust be- 
cause they are younger than all the other stratigraphic parts of the 
ArQhsean. They are separated by many thousands of feet of strata 
from the basal gneisses which are called distinctively Laurcntian. 

They arc not "crenitic" rocks, if the acid basal gneisses are 
crenitic, for they contain in predominating amounts those very 
elements which are first and easiest dissolved by heated waters, 
and which could not be left as reliquiae on evaporation — ^and also 
because in order to form these and the acid hasal gneisses there 
would have to be a reversal of the respective solubilities of the acidic 
and the basic minerals concerned, between the date of the forma- 
tion of the gneisses and the date of the greenstones, which is 
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hardly supposable in the light of the constaucy of chemical 
affinities. 

We are driven back therefore to the same long-contested field 
for which the neptunists and th« plutoaists have contended since 
the days of Werner. 

In recent years a new phase has been put on this controversy. 
Like some other long-disputed questions it appears that it is likely 
that there is truth on both sides, and that complete hanmony 
may be effected, perhaps, by a little compromising acknowledge- 
ment of wrong by both of the adversaiies — or at least by the 
acknowledgment of right in each. There has grown up a more 
perfect knowledge of the nature of rocks since the microscope 
has been introduced into lithology. Various differentiating 
characteristics have been established by which an unquestioned 
classification can be predicated, thus determining the origins of 
some rocks which before had been problematic. At the same 
time more careful field-work has been conducted in the crystalline 
rocks. Their major field-structures have first been correctly de- 
lineated. On this as a basis the microscope has laid out its 
minuter subdivisions, in a manner somewhat like ihe minuter 
classifications established by the paleontologist. The field-struct- 
ures must be determined first, for it is not possible for either 
microscopy in the crj^stalline rocks or paleontology in the later 
rocks to take independent initial cognizance of this. Their data 
are of subordinate importance, and are of value only as they can he 
grounded on foreknowledge of the actual structural features. 
Whether the Olenellus fauna preceded or followed the Paradoxides 
fauna in America could not be decided till a field examination was 
made in Newfoundland. The strata there revealed the Olenellus 
fauna anterior to the Paradoxides fauna, thus in effect reversing the 
conclusions which had been reached through paleontological rea- 
soning alone. In the same way the fact that a rock is eruptive is 
obtained in the first instance by field evidence — never by micro- 
scopic examination. Once the microscopic characters of a known 
eruptive rock being ascertained, those characters are good for the 
indication of a problematical eruptive rock so far as those known 
characters extend ^ but no further. If the known characters fail, 
and especially if adverse characters are brought to light, it is the 
part of caution, as well as of wisdom, to withhold a decision as 
to the origin of such a rock until new light can be reached. 
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The Kawishiwin greenstones most perfectly illustrate these 
principles, for there can be no question but that they are the 
northern representatives of the greenstones, or green schists, of 
the southern side of lake Superior, and of more eastern localities. 
The greenstones are a well known great series of Arcneean rocks, 
and they have been studied by many eminent geologists, ooth in 
America and in Europe. Their stratigraphic position in the 
Archaean has been made out, with substantial concord, in several 
European countries and in various parts of America. Geologists 
have divided, however, on the question of their origin, as already 
intimated, and at the present day the lines lie substantially where 
they did one hundred years ago — between the plutonists and the 
neptunists — but the disagreement in general has been reduced to 
a much smaller limit, and involves fewer varieties of rock than 
one hundred years ago. Then basic dikes, for instance, were 
claimed by both parties, but now are given up to the plutonists. 
Then all the granitic, or crystalline rocks, including the bedded 
schists, were claimed by both, but now the bedded crystalline 
schists are given up to the neptunist. Then all crystallne iron 
ores were claimed by both, now they are divided between them. 
As the field has narrowed the contest has deepened, not in the 
personal animosities and epithets that marked the early disput- 
ants, but in the acumen and watchfulness and the industry of the 
parties engaged. According to structural evidence the neptunist 
asserts that the greenstones cannot be relinquished from his own- 
ership, but he has to admit that his claim loses some of its valid- 
ity when his evidence fades out and some new adverse claims con- 
•front him. He sees the stratification which has been his guide 
in ten thousand instances, lose some of its marked characteristics, 
and finally disappear or show itself faintly under some dis- 
guises, and so long as his known characteristics of neptunic rocks 
are not legible in these he has not a clear title, and he has to ad- 
mit it. On the other hand the plutonist, microscope in hand, de- 
clares that the mineral composition is such that the constituent 
grains must have come from eruption, and could not be the result 
of ordinary erosion and sedimentation. This claim is based on a 
familiarity with the elements of known eruptive rocks from other 
localities, and it cannot be safely disputed. But the student of 
the physical structure returns to the argument by pointing to the 
remnants of stratification, and to the occasional occurrence of 
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rounded grains of quartz. The microBcopist makes his rejoinder 
that these remnants of stratification are illusive, due to dynamic 
metamorphism, and the quartz grains are of secondary origin. 
He further cites, as evidence of dynamic agencies in the origina- 
tion of those structures, the semi-decayed and broken condition 
of the other minerals. There are curious fractures in some of the 
mineral grains. They appear to be * ^streamed" out in the direc- 
tion of the schistosity. The feldspars are saussuritized, the horn, 
blendes are chloritized, the augites are converted by a well known 
alteration to hornblendes, the micas are hydrated and the men- 
accanite is changed to leucoxene. A dynamic metamorphism has 
produced a degradational change throughout the whole rock. 
This indicates that while the materials had originally unquestion- 
ably an eruptive origin, as denoted by their identity with other 
changed known eruptive minerals, they have been subjected to 
some grand force or forces of pressure and shearing, which have 
wrought a profound alteration in them, bringing them a step, or 
a long march, toward decay and disintegration. The microscop- 
ist admits that his well-known and infallible guides are wanting. 
He sees nothing, or very little, of the ^'diabasic structure," and 
the freshly crystalline interlocking of the constituent grains which 
characterizes an unquestioned eruptive rock, is almost entirely 
wanting. His title therefore, as it is not based on characters 
which known plutonic rocks possess, but on others which he as- 
sumes to be due to another and a later cause, is defective, and he 
has to admit it. If the features which the interior of the rock 
exhibits can be ascribed to neptunio forces, as claimed by his 
opponent, the case is still a drawn game, unless there are inherent 
faults in the reasoning of one or the other — such that they can 
be pointed out and demonstrated. 

The purpose of the foregoing is to introduce a peculiar feature 
seen by the writer at Ely, on the Vermilion iron range, in Min- 
nesota. The country rock here is the characteristic greenstone of 
the region, massive, shapeless, rather light-colored, embracing 
scattered grains of free quartz so as to present sometimes a rough 
and harsh exterior on weathering, and having a gradual transition 
northward across the formation, first into a green schist, then into 
graywacke and lastly into a sericitic schist. With this transition 
there is developed a sedimentary structure which in its final con- 
dition is undeniable, the schist element becoming interbedded 



Kawishiwin Agglomerate. — WinchelL 



363 



with regular siliceous layers which fade out and increase across 
the bedding in the manner of sedimentary alternations in any 
paleozoic rock. In the midst of this prevalent greenstone appears 
a spottedness, revealing included rounded masses of rock quite 
like the greenstone itself in general aspect, some of the rounded 
masses being from 6 to 10 or 15 inches in diameter. They are 
densely packed together, but make up the mass of the rock. Such 
characters have been seen in many places in northern Minnesota, 
and are particularly developed in the Ogishke conglomerate ; which 
really runs many miles in this formation, and can be traced from 
Ogishke Muncie late to and beyond Tower. It ia in the midst 




of this greenstone agglomerate that the jasperoid iron ores occur 
throughout the Vermilion range. This agglomerate passes by 
easy transitions into real conglomerates, but in that case the peb- 
bles are smaller, and are also sometimes much more siliceous. 

At a small railroad cut within the town limits of Ely, a few 
rods west of the Chandler mine, these rounded masses are con- 
spicuously displayed, by reason of the dome-shaped form of the 
exposed rock, and the uniform glaciation which has left the sur- 
face planed off, revealing distinctly the forms of the boulders or 
bombs. This cutting was seen soon after the construction of the 
railroad, and has been inspected several times since. On one oc- 
casion a drawing was made which is reproduced above. This 
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shows the upper surface of the natural rock as it appears after 
the glacial planing, and includes a surface about five feet long. 

The rounded fbrms are encased in a darker green and evidently 
somewhat chloritic, fine-grained schist, which winds about among 
the rounded masses, its fibrous structure coinciding in direction 
with the surfaces with which it is in contact. This green schist 
cannot be distinguished from that which is common at all of the 
mines of the region and which ordinarily constitutes the country 
rock about the Tower mines. It is presumable that there are 
places in this agglomerate where this green schist is lacking, and 
the rounded -masses are in absolute contact, but the drawing, 
rather hastily made, was designed to bring out the appearance of 
the pipe-shaped, calcite-filled, amygdaloidal structure, and this 
point was neglected. The rounded bodies here represented are 
not evidently of igneous rock, but rather approximate that indef- 
inite greenish rock styled porodyte by Dr. M. E. Wads worth. 
They contain no evident free quartz,* neither do they contain 
•per se anything else that is evident. They are referable to a con- 
solidated pulp made up of comminuted grains of eruptive rocks 
but having evidently a greater per centum of silica than ordinary 
basic eruptives. A few fine pyrite cubes are discoverable, and 
on being powdered the rock has a quick, slight effervescence with 
hydrochloric acid. The stones have a pale, dun-green color, are 
very fine-grained, and might, with a broadened significance to 
that term, be called felsyte. They lack evidently the orthoclastic 
element which is essential to true felsyte. 

The most remarkable character of this singular rock is yet to- 
be described, viz: About all the peripheries of these rounded 
masses of porodyte are tubes, standing perpendicular to their 
surfaces and separated, on an average, about one-quarter of an 
inch from their neighbors. These tubes, which are normally 
filled with calcite, are sometimes more than an inch in length, but 
. most freciuently are less than an inch. They stand perpendicular 
to the bounding outer surfaces of the rounded masses. They do 
not enter at all, or but slightly, into the darker green schist which 
is wrapped alx)ut the masses. They arc approximately circular 
or pipe- like, and their diameter is about two millimetres. Some 
of them, however, are a little zigzag, and roughened in their inner 

*In one instance a siliceous pebble, about one-eighth of an inch ixl 
diameter, is seen embedded in this porodyte, in specimen No. 1624. 
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surfaces. This is revealed by fractures across them after the calcite 
has weathered out, which is the case in many instances. While these 
tubes are generally simple, and approximately round in section they 
are not always so, but they flatten out for a short space and return 
again to the pipe-stem shape, and sometimes they branch, or coalesce, 

I 

and so far as observed they branch like a plant upwardly, or out- 
wardly, I. e. toward the exterior surfaces of the rounded masses. 

Calcite is also common in the green envelope which surrounds 
these masses, but it is arranged in flattened, thin, lenticular 
sheets conformable with the fibrous structure of the schist, and 
hence in general position it is pei'pendicular to the position of the 
tubes. Associated with it, in the green schist, is a noticeable 
amount of bright pyrite in fine cubes. 

In the interiors of the rounded masses also can be seen irregu- 
lar deposits of calcite. All this calcite is coarsely crystalline 
and firm, with hardness rather above the normal. 

The interest which attaches to this rock centers in these tubular 
passages that converge from the outer surfaces of the rounded 
masses, and penetrate the latter to the depth of an inch, more or 
less. There is no exception; they are all marked with the same 
structure. The rounded masses are undistinguishable as rocks, 
from the rock about Ely. It has been supposed that such accum- 
ulations were agglomeratic, i, e. , that the rounded masses were of 
the nature of bombs thrown from volcanic vents, falling in an ad- 
jacent or surrounding ocean. It has been supposed that the light 
green country rock, in the midst of which this structure appears, 
is the result of oceanic solution and levigation on volcanic eject- 
amenta. Such ash and cinder when brought into contact with 
hot, or tepid, or even with cold, oceanic waters would easily be 
reduced to a non-differentiated pulp, from which some of the alka- 
line ingredients, being more soluble, would be removed, leaving 
the residue somewhat more siliceous. Upon consolidation aVock 
something like the greenstone seen at Ely might result. 

On the other hand, as already stated, it is claimed b}'^ micro- 
scopists who have inspected such greenstones, that they are "al- 
tered eruptives," and that dynamic metamorphism has been the 
process that has effected their reduction to this condition. 

It seems, however, that these periphferal tubes show that these 
rounded masses were suddenly immersed in an element which 
differed in temperature and pressure from that to which they had 
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been accustomed. They show that this rock was not a congealed 
plutonic mass, for such a mass could not acquire an amygdaloidal 
structure, except when it becomes volcanic. It is only when 
there is a sudden release of surrounding pressure that the con- 
fined gases of igneous rocks gain relief from their confinement, 
or that some of the confined substances manifest their volatility, 
forming scoriae and amygdaloids. Was the element into which 
these were ejected, and which caused the rapid escape of gases, 
And then their rapid solidification, simply atmospheric air or was 
it oceanic water? If it had been atmospheric air then the sur- 
rounding rock, viz. , the whole of the greenstone of the region was 
also ejected simply into atmospheric air and solidified under sim- 
ply atmospheric conditions. Not having been since submerged, 
at least not having been since rewrought, it would have in that 
case to show not only many evidences of perfect igneous or 
**diabasic" structure, but it would have to exhibit about the same 
variations — barring the effect of greater time — as to stratification, 
texture, composition, etc. , as can be seen in volcanic rocks of 
recent or Tertiary time. It could hardly shade off into the evi- 
denth' sedimentary rock, having very nearly the same aggregate 
composition, seen but a short distance further north along the 
shore of Long lake, and it could hardly constitute a belt from 5 
to 10 or 15 miles in width, lying always in the same stratigraphic 
position in the Archaean, and running, in accord with the strike of 
the rest of the Archaean, as well as substantially with that of the 
Taconic (which admittedly are governed by continental increments 
as the oceanic areas receded) for a distance of one hundred and 
fifty miles. 

If on the other hand these bombs, torn from some portion of 
the already hardened super-crust by the loosening action of vol- 
canoes, were hurled first into the air and fell into the ocean, all 
the structural, as well as all the microscopic characters which 
have been mentioned, might have been the result. The forma- 
tion in which they are found would be amenable, as it is, to the 
geographic distribution and stratigraphic ix>sition which all oceanic 
formations are found to possess. They would have been buried 
along with other finer volcanic ash and cinder in the waters of a 
hot or tepid ocean. Such waters would rapidly destroy the 
characters of the usual minerals found in volcanic ejections. 
There would result secondary minerals, such as chlorite, sericite, 
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saussurite, leucoxene, serpentine, hornblende, etc., and these 
would, in some places be consolidated into rock which would 
possess many of the characters of an altered igneous rock, but 
would manifest more or less evidently the stamp of the ocean. 
There would be occasional foreign ingredients, particularly rounded 
quartz grains, and there would be in many places a fine intermix- 
ture of chemically precipitated silica, or perhaps of ^chemically 
precipitated oxide of iron, the last two uniting to form the well 
known jasperoid hematites. Again there would have to be many 
places, as there are, where the resultant rock would be very fine- 
grained, the ejecta having been totally disintegrated ^and reduced 
to a pulp or volcanic mud. When this accumulation was rapid there 
could be but little opportunity for the formation of characteristic 
sedimentary structures, but when it was slow the most evident sed- 
imentary banding would result. There would be many places where 
the non- stratified would gradually' acquire a stratified structure. 

If we attempt therefore to eflfect such a compromise between 
the opposing disputants as the facts seem to warrant, we have to 
allow that the stratigraphist has a show of reason in insisting that 
oceanic structures permeate these greenstones, although the sedi- 
mentary banding is sometimes wholly wanting over large areas. 
We also have to allow that the nature, in general, of the minerals 
contained in these rocks is such as only igneous agencies can ex- 
plain. In other words we must grant the chief contention of 
each party. The source of the rocks was igneous, but their 
structure is aqueous. 

The recognition of this joint agency of oceanic water and 
igneous action in the production of these ambiguous rocks relieves 
the physical geologist of some rather severe s^trains of imagina- 
tion as well as of dynamic laws to which, without such recogni- 
tion he is compelled to resort. For instance, he has not to con- 
jure up some hypothetical force through which he can explain, if 
he adhere to their sedimentary origin, the conversion of these 
'^sediments" into a rock quite unlike ordinary sediments, and the 
absence of the usual structural characters. He has not to assume 
if he adhere to their igneous origin a semi- metamorphosed condi- 
tion or any chemical change capable of converting a vast thick- 
ness of rock, situated at great depths in the crust, from a siliceous 
to a semi-basic character, nor vice versa. It has been gravely 
asserted by some extreme advocates of * ^alteration" that the 
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rocks of the crust may undergo and have actually experienced, 
such profound changes in average chemical composition that their 
original minerals may be entirely lost. Sometimes there is hy- 
pothecated a **silicification," and sometimes a desilication. The 
most basic rocks have been viewed, in some of these critical 
epochs of mythical metamorphism, as converted, by a substitu- 
tion of * 'secondary silica" for the typical minerals of the supposed 
original basic eruptive rock, to a quartzyte, or toaquartzdioryte. 
Oabbros have been imagined converted to quartz syenites, and 
the details of the process of such transition have been ingeniously 
imagined and illustrated. Quartz, the most insoluble of the rock- 
making minerals, has been supposed to have been conveyed into the 
minutest interstices of these rocks to the depth of hundreds or 
thousands of feet, there taking the places of some of the original 
minerals which, by a reverse but no more mythical chemical 
transformation, were removed by the same waters, or at least by the 
.-same process. Again the geologist has not to resort to ^'dynamic 
metamorphism" by which to account for the shattered and partly 
disintegrated or degraded condition of the minerals of the green- 
stones. It is at best only a misuse of the term metamorphism to 
apply it to such a change, and it may be considered questionable 
whether the cause which dynamic metamorphism invokes would 
not produce a directly opposite effect. It is usually supposed that 
pressure and crushing and shearing develop heat, and thus tend 
toward the building . up of the crystalline outlines and the 
strengthening of the chemical bonds, in the minerals affected. It 
appears to some geologists not only a misnomer, but a mistaken 
apprehension of the effect of dynamic forces to attribute such 
features to pressure and shearing and plication, and to call it 
^^metamorphism." Such outre hypotheses can be shaken off the 
mantle of the speculative physical geologist, if he allow the building 
up of these rocks, as al)Ove suggested, through the cooperating, 
simultaneous action of oceanic waters and volcanic eruption. 



A NEW SPECIES OF LARIX FROM THE INTER- 
GLACIAL OF MANITOBA. 

By D. P. Penhallow, F. R. S. C, F. R. M. S., McGlU University, Montreal. 

Two specimens of fossil wood were recently received from 
Manitoba, the one from Mr. G. Elliott, of Guelph, Ontario, the 
other from Mr. J. B. Tyrrell, of the Geological Survey. The first 
was admirably preserved, and ujwn Ijoiling with carbonate of 
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soda was readily cut by a microtome. The structure was found 
to be almost wholly intact and the elTects of compression slight, 
so that there was no difficulty in determining its characteristics. 
The second was more fully impregnated with silica, so that some- 
what prolonged treatment with carbonate of soda was necessary. 
Even then, there were localized siliceous bodies which offered 
some obstruction to the action of the knife. The structure was 
found to be fairly well preserved, and there was little change re- 
sulting from compression and distortion. The most marked gen- 
eral change in this, as in the first, was in the very strong develop- 
ment of striation on the cell walls. Little difficulty was ex- 
perienced in determining the various structural characteristics, 
though there were numerous localized areas of decay and siliceous 
deposit where the structure, had pretty completely disappeared. 
This was notably the case in the medullary rays, which, upon ex- 
posure in tangential section often showed complete obliteration of 
structure, indicating that the progress of alteration first proceeded 
along the course of these structures, while it was also noticed 
that fungus hypha^ penetrated first into the tracheids, following 
the course of their longitudinal or major axes, thence spreading 
laterally through the bordered pits. 

The specimen received from Mr. Elliott was obtained by Mr. 
K. Brown when digging a well in Section 23, Township 3, Eange 
11, Manitoba. He recovered it from a depth of twenty-eight feet. 
In a letter from Mr. Elliott, he informs me that the surface soil 
was of about the usual depth of three feet of black, vegetable 
mould, beneath which, light blue lacustrine clay extended to 
where the wood was found. From data kindly supplied by Mr. 
Tj'rrell the locality appears to be about three miles northeast of 
Pilot Mound, about seventy miles west of the Red river, and 
seventeen miles from the international boundary line. It is at an 
elevation of about 1,550 feet above sea level, and from 600-SOO 
feet above the general level of the Red River valley on the Pem- 
bina mountains or second prairie steppe. The formation in that 
vicinity is level and apparently alluvial. As, from the informa- 
tion at hand, it seems likely that the boulder clays were not 
reached, the formation is probably to be regarded as post-glacial. 

The specimen sent by Mr. Tyrrell was obtained from a well at 
Churchbridge, on the line of the Manitoba and Northwestern rail- 
way at a depth of two hundred feet. From the information so 
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far obtained, Mr. Tyrrell is inclined to regard the horizon as 
probably interglacial, to which it will be referred for the present. 
Mr. Tyrrell further expresses the opinion that the post-glacial de- 
posits of Township 3, near Pilot Mound, may be the interglacial 
deposits of Churchbridge farther north, the glacier in its latest 
advance not having reached to the former place. 

Microscopical examination shows that the two specimens are 
identical. They are, therefore, referred to the same species. 
Comparison with existing species of Larix show that it possesses 
characters approaching both L. occidentalis and L. aniericana, 
while in other respects it is quite distinct from both. It appears 
to be about midway between the two. It has, therefore, seemed 
expedient to distinguish it by a separate specific name, for which, 
as indicating the principal locality, I would proiK)se L, church- 
hridgensia. 

In the following description I have adopted certain standards 
which will also be employed in future descriptions by me. The}' 
are as follows: 

The size of cells is the whole width from one primary cell wall to 
its opposite. The thickness of a wall is the distance from the 
center of the primary cell wall to the cell cavity, or one-half the 
total thickness. The pits of the medullary ray as exposed in 
radial section, are determined for the area of each wood cell — 
autumn or spring — covered by the medullary ray cell. The 
hight of the large medullary rays in tangential section, is ascer- 
tained by counting from each end towards the center, until the 
first pair of cells is reached. All others are included in the 
central group. The rays are described as une(j[ual when the ex- 
tension on one side of the central group is longer or shorter than 
on the other side. The thickness of the walls in medullary raj'8, 
is the whole width. The upper, lower and side walls of a medul- 
lary ray are those which would occupy the same relative positions, 
assuming the specimen to be placed vertically and the obser^'er to 
look radially outward or inward. 

Larix churchbridgensis, n. sp. 

lyaiis verse. Growth rings narrow. No very obvious demarca- 
tion between the spring and autumn woods, transition gradual ; 
the spring wood at least equal to or twice the autumn wood. 
Wood cells disposed in radial rows. The autumn cells 1 4. 4x24 
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fi broad, the walls 3. 6 /i thick. Spring cells 24 ii square, the walls 
2.4 /x thick. 

Resin passages prominent, chiefly in the middle of the autumn 
wood, 21 /x to 100 [i broad; interior cells often conspicuous. 

Radial, Medullary rays. Cells equal in length to three or 
more wood cells. Terminations square or very obtuse ; septa 
with simple or bordered pits. Upper and lower walls strongly 
pitted — pits simple. Side walls with broadly oval pits, in the 
autumn wood 1-4 for each wood cell, in the spring wood 2-5 for 
each wood cell. Cells 19.2 /i broad, walls 4.8 /z thick. 

Bordered pits. In autumn wood cells, obscure, remote. Outer 
ring 12 /i, inner ring 3.6 /i broad. In the spring cells, con- 
tiguous and somewhat flattened, or reiiibte, distant 4. 8 /i to 24 
in. in one row. Outer ring 12 in. to 16.8 in., inner ring 3.6 in. 
to 4. 8 /jt broad. 

Terminations of the tracheids obtuse or acute. 

Tangential. Medullary rays. Large rays upwards of twenty - 
four cells high plus the central group. Few, chiefly equal, rarely 
and slightly unequal. The small rays one cell broad, 1 to 13 cells 
high. Markings on the tangential walls of tracheids, none. 
Terminations of the trachieds acuminate, strongly overlapping. 



GOLD IN PLACERS. 

Hbrbebt R. Wood, Missonla, Mont. 

Gold may occur in placers in different ways, and these placers 
may be of very different character. 

1. Along creek beds and in bars and banks of rivers; the 
gold usually in such a case having been carried a long distance. 

2. In sloping banks and beds along the bases and flanks of 
mountains usually not far removed from the source of the gold. 

3. In bars or plateau-like beds extending far out into valleys, 
frequently terminating abruptly in a cliff-like fashion but having 
their sources in the mountain ranges. 

4. In mountain ranges placer beds occur, caused by the de- 
composition of veins, and the placer beds occurring on or near 
the side of these veins. 

5. Along the flanks and at the mouths of gulches, placer beds 
frequently occur, having been washed down and deposited through 
the same denuding forces which formed the gulch. 
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Note* 1 — In case of No. 1, rivers frequently cut gold bearing 
veins in their courses. This seems to be the only plausible ex- 
planation of the occurrence of gold beds on Snake river, Idaho ; 
these beds in which the gold is found on the surface are far re- 
moved (in some cases, fort}' or fifty miles) from their sources. 

No. 3. — These gravels have been no doubt rearranged by action 
of water, presumably by a lake. 

No. 4. — The vein, owing to decomposition and disintegration 
may be converted into soil or quartz pebbles to considerable depth, 
the quartz pebbles frequently containing native gold, showing a 
slight attrition. 

The method of arrangement of gold in placers, depends on 
various conditions which can hardly be considered sufficient basis 
for classification. Thus its comparative depth in the gravels, its 
tolerably uniform dissemination, or local occurrence, its physical 
characters, etc., depend on such forces as gravitation, distance 
from source, denuding forces, time of denudatioh and deposition ; 
and these different methods of occurrence may be found indeed 
in any of the varieties of placer beds. As regards the nature of 
the force which brings down the material from the mountains, and 
causes the rounding of the rock fragments, it may be of a varied 
character and admit of classification. 

1. The melting of snows and rainfall, producing spring freshets 
and streams. 

2. Glacial action. This must have been a very common 
agency from the evidence obtained. 

8. Gravitation. A natural settling down of rock fragments 
loosened by chemical disintegration to a lower level. This is 
largely aided by the percolation of waters. 

With regard to this latter method of forming placer beds, Hay- 
den, in his report on Geology of Colorado, refers to the force of 
gravitation as not unusual in the formation of gravel beds and 
banks along the bases and fianks of mountains. The character 
and great extent of many gravel beds, show very plainly that the 
denuding agencies must have been very active at one time in the 
recent history of the hills. This seems to be best explained by 
the action of glaciers which during the glacial period must have 
covered the mountains and caused during their recession in a 
more genial climate the immense beds of detritus which the 
rivers and streams flowing from them piled up in the valleys l>elow. 
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In Montana, of which country this paper more particularly 
treats, gold occurs in situ. 

1. Native in quartz veins in granite, slate, and quartzite. 

2. In chemical combination with iron pyrites, also copper 
pyrites. These veins occur in slates and granites, the accompany- 
ing gangstone usually being quartz. 

3. In brown iron ores the result of weathering and chemical 
decomposition of iron pyrites, which weathering or oxidizing in- 
fluence may extend to considerable depth in the vein owing to the 
action of percolating surface waters, or be limited to a few feet. 
The gold in this instance is free, but in a very fine flour-like 
condition. Such veins where the ordinary action has extended to 
a great depth, usually occur in slates or a rock which admits of 
the ready percolation of water. This changed condition is seen 
in all veins holding iron and copper sulphides. 

4. Gold occurs in more or less quantity in all veins in Mon- 
tana. In pure galena a small trace is obtained, as well as in 
copper sulphide. 

5. In a very few instances a small percentage of gold has 
been found in quartzite dikes. Thequantit}' is rarely sufficient to 
warrant working. 

As to its physical properties the gold may be a light yellow or 
a dark yellow, holding a variable proportion of silver. It may 

occur, 

1. In large nuggets. 

2. Moderately coaise — angular. 

3. Moderately coarse — much worn. 

4. In grains and scales (fine). 

5. Flour-like condition. 

Some of these nuggets have been of considerable size, one ob- 
tained at St. Louis gulch, weighing nearly 21 ounces, while those 
weighing two or three ounces and more are of frequent occurrence. 
Notes — 

1 . A probable explanation will be found farther on. 

2. When angular, the gold has not been subjected to much 
attrition and not carried far from its source. 

8. Carried considerable distance and subject to much attrition. 

4. A very common form for gold to assume in placer beds. 
This is its most common condition in the vein material, thin 
leaves and scales. 
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5. This flour-like gold results chiefly from the oxidation of 
iron pyrites, the gold becoming freed in a very fine condition in 
the brown iron ore which results from the chemical change. 

Briefly speaking the physical features of. western Montana are 
similar to many mountainous countries. It is characterized by a 
series of more or less parallel ranges, having a general north- 
westerly and southeasterly direction with intervening valleys. 
The mountains having been formed by upheaval, lateral pressure 
and subsequent denudation. In most of the ranges the central 
core of granite has been exposed with highly tilted slates, lime- 
stones cut by porphyritic and quartzite dikes abutting it. 

At mount Ogden, a mountain of granite (a true granite) which 
is intersected, near a contact with a bed of quartzite, by a series 
of narrow quartz veins holding auriferous iron pyrites and free 
gold — the placer beds are situated along the base of the mount- 
ains, a direct incline at an average slope of 35°, about a mile 
distant from the source. The gold can be found, however, along 
the entire slope intervening. This granite is very much decom- 
posed to a depth of twenty to twenty -five feet, so that in develop- 
ing these veins no blasting was done to that depth. The disinte- 
gration has taken place in the granite owing to change in feldspars 
and the oxidation of iron pyrites which is thickly scattered 
through it, assisted by percolating waters and action of frost. 

The easy removal of this decomposed rock by melting snows,, 
assisted by the natural force of gravitation is obvious. 

The manner of the removal of the gold from the veins is, I 
imagine, that suggested by Wurtz, the formation of persulphate 
of iron in which gold is slightly soluble. This may act as a car- 
rier, a deposition of metallic gold resulting as a nugget ; or the 
gold is worn from the rock holding it, and carried by the water 
into the gravels. 

Placer beds vary according to the class to which they may belong 
as regards the nature of the pebbles and boulders, or the presence, 
absence, scarcity or abundance of them, the presence of black 
magnetic sands, the depth of the bed and the arrangement of the 
gravels and boulders in them. 

To give an idea of the nature of a placer bed the following ac- 
count of St. Louis gulch, twenty-five miles east of Helena, as 
illustrating No. 5 is given. At the mouth of the gulch which has 
a general course north and south and from which a creek flows 
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into the Missouri, the detritus and wash from the gulch extends 
out in a broad fan-shaped sloping terrace for two or three miles. 
The gold is disseminated to a greater or less extent throughout 
the whole of this bed, but only in workable quantities in certain 
localities noticeable at the immediate entrance to the gulch. As we 
proceed up the gulch the gold bearing strata gradually sink to a 
depth of 60 feet or more, to which shafts have been sunk to the 
gold bearing zone. Towards the head of the gulch which is six 
or seven miles in length the gold belt rises till it merges on the 
surface and at the extreme head of the gulch splits into finger- 
like streams which have been traced to the veins in situ from 
which the gold came. 

Fig. 1 represents a longitudinal section of the gulch, in which 
the dots show the deposition of the gold in the detritus gravels 
from the mountains. AAA are veins, B the exit and fan-shaped 
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bed of gravels, C the surface line of detritus, J) the line of de- 
position of gold. The veins consist of one very large vein of 
nearly pure iron pyrites, associated with some quartz as a gangue. 
It is about forty feet in width, and has been mined to a depth of 
90 feet, to which depth the pyrites was decomposed into oxides of 
iron. 

In the vicinity of this vein are numerous small veins of a few 
inches in width up to which the gold streaks lead in the gravels. 
The country rock is an eruptive trap-like rock. At the head of 
the gulch near the veins the large nuggets were obtained. This 
is easily explained by the great weight of these large nuggets, 
which are deposited first as the detritus was laid down by the 
running water. The veins vary in their direction, one vein pene- 
trating the east side of the gulch for 1,500 feet, and being 
only two or three inches in width, assaying $2 to the ton. As to 
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the origin of this gulch it may have been produced by glacial 
action or by the denudation of running waters from freshets and 
melted snows. The richest localities in this gulch were the outer 
points and margins of the slopes at the termini of the finger-like 
streams. This is easily explained also by the deposition of the 
coarser gold at the head of the gulch. If the gold continues to 
stream down and follow chosen finger-like paths, in the vicinity of 
the veins in such a placer, the denudation presumably being slow, 
the occurrence of nuggets of such an unusual size as 20 ounces 
might be explained on the theory that persulphate of iron holding 
an appreciable amount of gold in solution deposited its gold in a 
certain spot, a large mass of gold thus gradually accruing. This 
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theory is given in Le Conte's text book of geology, in reference 
to the auriferous gravels of California. 

As illustrating No. 3, in the Flint Creek valley in western Mon- 
tana, Deer Lodge county, near Stone, placer beds occur in the 
form of long bars or level plateaus which extend for several miles 
north from the mountain ranges. They terminate abruptly in a 
cliff- like margin. 

The gold bed A, Fig. 2, occupies the upper stratum of this plateau 
for several feet, and is sharply marked off from the lower gravels 
B. The gold stratum was evidently a later flow from the mount- 
ain, and has. been rearranged and deposited by lake action. 
These plateaus have been the result of glacial action in this in- 
stance. Large and subangular boulders occur in the gravel l)e<l8, 
and scattered along the valley below. 

As regards the character of the boulders, which make up the 
placer bed, they may consist of all kinds of rock, but more 
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usually granite, slates and quartzite accompanied by iron-stained 
quartz, boulders and pebbles, presumably from the veins them- 
selves, frequently black magnetic sands, and more or less fine allu< 
vials. These beds attain great thickness, often resting on the bed 
rock which may be two or three hundred feet below the surface. 
Placer beds may exhibit a stratified arrangement of the gravels, 
boulders and sands, the gold confining itself to particular horizons. 
The proportion of fine detrital matter and clays, in a placer claim 
varies very much. There may be a good deal of intermingled 
dirt and sands, and frequently the bed may consist almost wholly 
of pebbles and boulders. In this latter instance, 1 believe the 
gold gradually sinks down in the bed, when unobstructed by clays 
and subject to continual action of percolating waters, to a lower 
level. The arrangement of the gold in streaks in the bed, or its 
uniform distribution depends less perhaps on the proximity of 
the bed to the source, than to the force of distribution and de- 
nudation; beds several miles removed from their source fre- 
quently having the gold arranged ia streaks, by water action. 
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ON THE NORTH AMERICAN SPECIES OF THE 

GENUS AGNOSTUS. 

By A. W. VooDEs, Fort Canby, Wash. 
HISTORICAL SKETCH OP THE GENUS AGNOSTUS. 

The earliest known species of this genus was described and figured 
by Bromell in 1729, Lithographia Suecana, Actis Liter., Suecite, Upsal^ 
vol. 2, p. 527, under the name of Vermiculi vagipennes. The author mis- 
takes the fossil for an insect and figures Agnostvs pisif omits from the 
Olenus schist of Andrarum, Sweden. For a period of almost 
one hundred years this was the only representative of a genus, to which 
Brongniart gave the name of Agnostwi, taking for its type Agnostuspisi 
formis from Linn^'s Entomolithus pisiformii^ Syst. Nat. Ed. xri, p. 160. 

Dalman uses the same species for the type of his new genus Battus in 
1826, Palteaden p. 257. 

In the year 1828, Dalman, Vetensk, Akad, Arsber, p. 186, described a 
new species from Gothland under the name of Battue latigatus^ and a 
new variety from Andrarum, as Battua piiiformis var. apiniger. The 
next contribution to our knowledge of this genus was made by Bey rich 
in 1845, Ueber B<>hm Trilobiten, p. 44. The author adds two new 
species to the list from the Paradoxides zone of Bohemia, under the 

*No. 1 of these notes is published in Trans. St. Louis Acad. Sci., VoU 
yS 1891. 
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names of BattiLs nudus and B, integer. The discovery of an entire speci- 
men by this author removed the doubts regarding the affinities of these 
fossils with the order Trilobita. 

The investigations made by M'Coy in 1846, Syn. Silurian Fossils of 
Ireland, p. 56, added the new genus Trinoduft and one new species, 7\ 
agnostifarmis. The non-adoption by palseontologists of TrinoduSf and 
the imperfect illustration of this species have caused several identical 
forms to be classed under new names such as Agnostus convexuH Salt. 
A, trinodus Salt, and A. tardus Salt., Brit. Pal. Foss. 1851, p. 141 (not Bar- 
rande's species). The species ranges high up in the geologic column as 
it approaches its extinction, in the zone with the genus Asapfius and 
Trinucleus. 

Barrande described in his Preliminary work on the Silurian System 
of Bohemia, 1846, pp. 14 and 35, nine new species under this genus; 
which he reduces to six in his final great work on the Bohemian trilo- 
bites. Etage C with Paradoxides hoheinicuB contains — Agnontu* integer 
Beyr., A. granulatus Barr., A. nudus Beyr., A. hibullatus Barr. and A. rez 
Barr. Etage D with Asaphus nobilis contains Agnostus tardus Barr. 

Corda, Prodrom 1847, reclassifies the genus into seven new genera and 
29 species. All the genera and species have been referred to well 
known Bohemian species and genera. 

In the Mem. Geol. Survey, vol. 2, part 1, p. 351, pi. 8, Salter & Phillips 
reproduce under the name of Agnostus trinodus the Irish species which 
M^Coy described as Trinodus agnostifonnis. The authors also describe a 
variety of this species as connezus. 

1851 — Angelin describes and figures 12 species from Sweden, Pali^out. 
Scand., p. 5, pi. 6. Regio A (Olenus zone). Agnostus pisifoinnis Linn<^, 
A. l(ecigatus Dalm., A. reticulatus Aug., Regio B (Paradoxides forchham- 
meri zone), Agnosttis phinicauda Aug., A, exsculptus Aug., A. punctuosun 
Aug., A. aculeatus Aug., A. brevifrons Aug., A. glandiformis Aug., A, bituber- 
eulatus Aug., Regio C (Asaphus zone), Agnostus lentifonnis Aug., Regio 
D., Agnostus glabratus Ang. 

The first North American contribution to Agnostus was made by Bil- 
lings in 1860, Canadian Nat, vol. 5, p. 802, in which he describes from 
the so-called Quebec group, three new species, Agnostus americanus^ A. 
orion and A, canadensis. These species are republished in Palaeozoic 
Fossils of Canada, vol. 1, 1865, p. 895. Agnostus umerieanus Is of the type 
Longif routes, congeneric with A, trisectus Salt, which occurs at An- 
drarum with Peltura and Sphcerophthalmus. A. orion difle*^ from A.pisi- 
formis by having the glabella proportionally shorter. 1 ue same name 
was used by Barrande in 1846 for a species of the genus. 

1860 — Eichwald, Lethea Rossica, vol. 1, p. 1351. The author escribes 
four species, two of which are for the first time illustrated — AgnoUus para- 
doxus Eichw. and A, nodiger^ n. sp. Eichwald refers A, boeckii to A. 
exsculptus Ang. The two new species are from the Asaphus zone. 

1863— An important contribution to American palceontology was pub- 
lished during this year by James Hall; entitled Preliminary notice of 
the fauna of the Potsdam Sandstone, 16th Report N. Y. State Cab. Nat. 
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Hist. The memoir describes the fossils of the Dikel«cephalus zone of 
WiscoDsiD. In this work we have illustrations and descriptions of 
Agnostus josepha, A. parilis and A. dujyarilu. The first species ap- 
proaches A, cydopyge Tull. of the Olenus zone of Sweden. The second 
is of the type Laevigati of which A. Umgatm Dalm. i« its nearest congen- 
eric form. Dr. Shumard described in the Am. Jour. Sci., vol. 32, 1861, 
p. 218, Agnostu9 coloradensis from Burnet county, Texas. This species is 
of the type A. neron H. & W. 

1864 — Salter in the Mem. Geol. Survey, Decade XI, describes five new 
species of the genus as follows: AgnoBtus irrincepB also vars. ornatus and 
rudis (Olenus zone). (This species is of the type A, atavus, gibbus, punc- 
tuosusy americanus)f Agnostus maccoyii^ Upper Llandeilo Flags, Wales, 
A. limbatus, Caradoc, A. itwrea^ Lower Llandeilo, A. trinodm, syn. of A. 
agnoitifarmts M'Coy, A, triseetuBj Upper Lingula. (This species occurs 
at Andrarum with FeUura&nd Sphceroplit/iabnus). 

1865— Billings in the Palaeozoic Fossils of Canada, vol. 1, redescribes 
A, americamLHj A orion and A. canadensis. The author adds two new spe- 
cies to the list from the so-called Quebec group of Newfoundland, 
Agno»tu» galha, and A. fabicus. The former species differs but slightly 
from A, tardus Barr., Etage D, in Bohemia. The latter approaches A. 
lentiformis Aug., Kegio C, of Sweden. 

1866— Schmidt describes a new species in the Bull. Acad. Sci., St. 
Petersb , vol. 30, 1866, p. 505, fig. 45, Agnostus cyckanowskii. 

1866— Linnarsson describes a new species in Om de Siluriska bildnin- 
garne i Mellersta Westergotland; Agnostus afflnis from the zone with 
Faradoxides tessini, 

1867 — Belt in the Geol. Mag., vol. 4, p. 294, describes Agnostus nodosus 
and .4. pisiformis var. obesus, from the "Upper Cambrian" of Wales. 
Tullberg remarks that A. nodosus Belt is probably identical with A re- 
tirulatus Ang. The author illustrates a broad and narrow form of A, 
pisifoi^niis var. obesus. In vol. 5, 1868, of the same magazine, the author 
describes Agnostus obtusus from the Upper Dolgelly and A. barlowii from 
the Tremadoc. 

1868 — Barraude describes Agnostus bavarirusj in Fauna Silurienne des 
environs de Hoff en Baviere, p. 82, flgs. 46-47. 

1869 — Linnarsson, Om Vestergotland Camb. & Sil. afiagringar. The 
author describes 8 species of Agnostus including the following new 
species. A, gibbusj A. parcifrons, A. sidenbladhiy and A. fallax. The first 
two species occur with Faradoxides tessini at Andrarum. Agnostus 
sidenbladhi ranges higher up in the Ceratopyge chalk. 

Sjogren in Om nagra forsteningar i Gland Kambriska lager 1871, de- 
scribes Agnostus regius from the zone with Faradoxides olandicus. 

1871— Hicks in the Quart. Jour. Geol. Soc, vol.27, 1871, p. 400, de- 
scribes a new species, Agnostus cambriensis, 

1872— Meek in the sixth Report U. S. Geol. Sur. Territories, p. 664, 
gives the name of Agnostus maladensis to a species from Malade City, 
Utah; and that of Agnostus bidens to one from Gallatin City, Montana. 

1872— Hicks in the Quart. Jour. Geol. Soc, vol. 28, 1872, p. 174, de- 
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scribes live species, illustratiDg a new one under the name of Agnos- 
tUB eskriggei from near Dolgelly, Wales. This article also contains de- 
scriptions of Agnostus dacidis Salt., A scutaltH Salt, A. scarcBoides Salt, and 
A. harrandei Salt. 

1872 — Ford illustrates an imperfect trilobite under the name of Ag- 
nostus nobilis in the Amer. Jour. Sci., vol. 8, 1872, p. 421. This species 
is from the Olenellus zone near Troy, New York, and may prove to be a 
species of the genus Microdiscus, which occurs in the same locality. 

1872 — Barrande describes three new species from Etage D, in the 
Supplement Syst. Sil. Bohm., vol. 1, 1872: Agnostus caducus^ A, perruga- 
tus and A, siinilaris. 

1876— Kayser, Beitrftge zur. Geol. & Palaeont. der Argentinlschen lie- 
publik, p. 5. The author describes Agnostus tilcuryensis from the 
Olenus zone. 

1877— White in his Preliminary Report for 1874, also in the final Re- 
port U. S. Geol. Sur., west 100th Mer., vol. 4, 1877, describes Agnostus in- 
terstrictus from Antelope Springs, Utah. This species is related to A. 
integer Beyr. 

Hall & Whitfield in U. S. Geol. Sur. 40th Par., vol. 4, 1877, describe 
four new species from the Dikelocephalus zone of Nevada: Agnostus 
communis^ A, neon. A, prolongus, A. tumidosus. 

1878— Hartt, In Dawson's Acadian Geology, 2d Edition, describes A. 
acddicus and A. similis; the latter species is now included as a synonym 
of A, acadicus, 

1878— Brogger, Om Paradoxide^skifrene ved Krekling, describes 14. 
species including the following new forms, Agnostus gibbus var. hybrida 
A. kjerulfi, A. nathorsti, A. incertus, A, patifrons var, mammilata, also var. 
nepos. A, nudus var, inarginotasj A. punetuosus var. affinistind A. irunea- 
tus» All these species occur in the Paradoxides zone. 

1880 — ^Tullberg, In his excellent monograph on the Agnostus species 
in the Cambrian formation at Andrarum, illustrates and describes 28 
species of this genus with the following new species: Group Longi- 
frons — Agnostus fissus Lund, MSS., A, atavus. A, intermedius, A. elegansy 
A, lundgreniy A. cydopyge, A. pusillus. Group Lievigati — A. eirer. 
Group Limbati — A, quadrat us. 

Dames in Richthofin's China, vol. 4, p. 27, pi. 2, describes Agnosfu^t 
chinensis from the Olenus zone. 

1882— Holm, in Kongl. Svenska vet. Akad. Handl., vol. 6, No. 9, de- 
scribes A. torquisti. 

1884~Walcott in Palseont. Eureka Dist. describes six species includ- 
ing two new species: Agnostus seclusus and A. ricfimondensis. The first 
species is of the type A. parcifrons Linrs. and the second of A. nat?u>ntti 
Brogger. 

1885 — Matthew in the Trans. Roy. ^oc. Canada, vol. 8, describes 10 
species from the Paradoxides zone of St. John : Agnostus regulus, A» 
partibuSy A. vir, also var roncinnus, A. aeadicus Hartt, var. decUris, A, ten- 
sella, A. umbo. A, obtnsilobus and A. acutilobus. 
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1889— Walcott describes in the Proc. Natl. Mus. vol. 12, 1889, the only 
known American Olenellus zone Agnostus, under the name of A, desid- 
erntuSy from Salem, New York. This species is illustrated in the 10th 
Report U. S. Geol. Survey, p. 630, pi. 80, fig. 5. 

RECAPITULATION* 

From the Olenellus zone, Agnostus nobilis Ford, A, desider- 

aius Walcott, A.faMax Linrs 8 

From the Paradoxides zone 44 

From the Olenus zone 6 

From the Dikelocephalus zone 19 

From the Asaphus zone 18 

"9U 
AGNOSTUS, Brongniart, 1822. 
Diagnosis, — The general form of the body of the Agnosti is 
elongated elliptical, the surface convex. The head presents the 
same structure as that part in other trilobites, with the exception 
of eyes and facial suture, which are wanting in this genus. The 
glabella determined by the dorsal grooves, never extends to the 
anterior contour; it is always prominent by its relief; its form 
varies with the species. The typical form has a glabella divided 
into a small frontal lobe, and a larger posterior lobe; the basal 
lobes forming a third part. The frontal lobe is usually subtrian- 
gular having a groove in front {A, pisifonnis^ plate ix, fig. 14). 
In the section Limbati, the glabella is broadly rounded in front, 
showing a great development as in ^4. rc:r^ plate x, fig. 13. In 
the section Parvif routes, the glabella has only a single lobe, as in 
A, parvifrons^ plate x, fig. 12. In the typical glabella the pos- 
terior lobe exhibits an inclination to divide laterally, or in front, 
being marked by a medium ridge. The glabella is sometimes 
compressed on the sides by the basal lobes, but expands at this 
point again in its posterior projection, as in A. gihhus. The 
basal lobes are very short, so that in A, gibhus, they appear like 
a narrow band widening out on both sides of the head, forming 
two nodes, which are sometimes large and triangular, as in the 
section Fallaces. The basal lobes are divided in some species 
into two nodes on each side, as in A. atavus, but, they are gener- 
ally very minute. The occipital groove and ring are more or less 
developed. The lateral lobes of the head form a concentric band 
with the contour; this is called by Barrande the genal zone. In 
the section Longifrontes, the cheeks in front of the glabella are 
divided by a furrow extending from the apex of the glabella to 

*The varieties are omitted in this enumeration. 
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the limb. The surface of the genal zone is smooth in the section 
Limbati, but, in Longifrontes they show a tendency to striate or 
punctate. The limb around the head is always wider in front and 
narrowed towards the thorax. One can distinguish upon its surface 
an internal groove, and an external ridge forming the contour, 
sometimes the limb is extended into small points on each side, as 
in A. joBepha. In the section Lsevigati the limb becomes obso- 
lete; in the section Limbati it is broad. The thorax has two 
segments in all the known species. The axis is usuallj' well de- 
veloped in width, whereas the pleurae are often reduced; when 
the trilobation is distinct, as in A. rex^ the thorax shows the 
same characteristic; when it is faint, as in A. nudis^ the triloba- 
tion is also indistinct. The first segment is subdivided by a groove 
which gives to the pleurae two bands more or less elevated, the 
anterior band being the larger; the second segment has the 
pleurffi on each side divided into bands of equal width; the 
points of each pleurae are directed forward. The pygidium con- 
forms to the head. In certain species, for example A.bihulfatus, 
the pygidium is marked with dorsal grooves ; but the head shows 
no trace of these grooves. In A. rex the axis of the pygidium 
reproduces that of the thorax. The lateral lobes form a concen- 
tric zone to the contour sometimes united, but often separated 
behind the axis. The limb surrounding the pygidium is some- 
times extended into points. If tlie head has no border, that of 
the pygidium is augmented as in A. yiudis. The typical axis 
occupies generally J of the total length. In front of the axis is 
located a small triangular border (genou articulaire). The axis 
has three joints; the center lobe is usually the smallest, but at- 
tains the greatest hight ; it carries typically on the medium line a 
node, which sometimes is extended backwards over the third 
joint (A. nathorsti and A. acnlvatns), also extended into a spine 
in A. gt'hhus. In A. rev the middle joint on the axis is divided 
by a groove, into an upper and lower lobe. The anterior joint 
of the axis has an inclination to become separated into three 
lobes ; the two side lobes are common. Thfe last joint is heart- 
shaped. In A. rex the last joint is short and rounded; in 
A. cyclopyge it is large and rounded. Sometimes the axis is 
long, A. fallax. The side lobes when the axis is short unite be- 
hind it. In the typical species they are divided by a furrow, 
which often becomes obsolete. In A, kjerulfi and A planicauda 
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an elevated ridge extends from the spines of the pygidium to the 
axis. 

In the section Lcevigati^ the dorsal grooves are limited on the 
head, only partly defining the glabella; they are also limited on 
the pygidium, especially in rear, as in A. Icevigatus Dalm., plate 
X, fig 3. In the section Arthrorhachis the glabella is prominent, 
long and marked with small basal lobes; the axis of the pygidium 
is short, as in Agnostus tardus Barr. 

PART 3. DESCRIPTION OF THE NORTH AMERICAN SPECIES. 

The insignificant genus Agnostus surpasses in number of spe- 
cies all the other genera of the order Trilobita; in the primordial 
fauna we have a total number of ninety species, excluding the 
varieties. The species range from the Olenellus zone to the 
Lower Silurian. The zone with Paradoxides contains 44 species 
and several varieties ; the Olenus is not so well represented ; but, 
the genus outlived both these genera and extends into the Cera- 
topyge chalk (^1. sidendladhi) also in the Orthoceras zone 
(A. hntiformis &c). The genus dies out in the zone with 
Asaphus and Trinucleus {A. trinodus &c). In North America 
the genus is represented by twenty-eight species which may be 
arranged into the following zones and sections: 

OLENELLUS ZONE. 

Agnostus nobilis Ford, 1872. 

This is a doubtful species and may belong to the genus Micro- 
diffcus. 

Section I, PARVIFRONTES,— The glabella is only partly de- 
veloped in this section (Agnostus hrevi/rons Aug., plate X, fig. 12). 

Agnostus desideratus Walcott, 1890. 
Plate X, fig. 7. Cf. Agnostus jyrolongus Hall. 
Diagnosis. Head about as broad as long, broadly rounded in 
front, sides curving in slightly towards the posterior margin, 
which slopes obliquely inwards from the postero- lateral angles to 
the glabella. The glabella is less than f the length of the 
head. A narrow raised rim extends all around the margins, ex- 
cept across the base of the glabella, which is subcylindrical, nar- 
row, with a small node on the posterior third of its medium line. 
Surface smooth. Locality, Salem, N. Y. This species is of the 
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type A. parvifrons Linrs. which appears with the genus Para- 
iJoxiih'g in Norway. The pygidium of A. j^rolougus Hall, pi. x, 
fig. 10, has a similar form to the head of this species. The 
author illustrates only the head. An associated pygidium has a 
prominent axis bordered by a narrow convex space between it 
and the limb. The axis does not exhibit lateral, or transverse 
furrow. An elongated median tubercle is the only ornament. 

PARADOXIDES ZONE. 

Section II, L0N6IFR0NTES. This section is distinguished by 
its strongly projecting glabella and axis, which latter is generally 
moderately long. Crust smooth. The cheeks grooved. The crust 
on the cheeks and pygidium is provided with raised points. 
Limb generally narrow. The cheeks in front of the glal)ella and 
side lobes' of the pj'gidium, behind the axis, divided by a groove. 
{Agnostus punctnosus Aug., pi. ix, fig. 2, also A. piaifprmis pi. 
IX, fig. 14). 

Agnostus ACUTIL0BU8 Matthcw, 1885. Plate ix, fig. 1. 

Diagnosis. — Body elliptical, elongated. Head semi-elliptical. 
Dorsal furrow faint, marginal furrow and fold sharply defined. 
Glabella subconical, length } of that of the head. The glabella 
is divided into two lobes ; the anterior lobe is ^ of the length and 
subtriangular, i)Osterior lobe extends to the base of the head. It 
has an elongated ridge on the anterior half, with two faintly 
marked lateral furrows on the lateral edges of this lobe. The 
basal lobes are divided off by a sigmoid furrow and depressed 
below the level of the glabella. Occipital ring narrow. The 
cheeks are somewhat full especially in front and divided by a 
furrow, each cheek is seamed across by a faint furrow. Thorax 
of two segments ; the first has five lobes, the second only three. 
Pygidium subclliptical. Axis is oblanceolate, nearly ^ as wide 
as the pygidium and its length is about J of that of the pygi- 
dium, narrowed in the anterior third, and crossed in that part by 
two transverse fuiTOws; the included lo)>e bears an elongated 
tubercle; lateral lobes of the pygidium moderately elevated and 
united behind the axis. Surface smooth externally, but it is 
srranulated on the inner surface of test. 

lAX'ality. St. John group, Porter's brook, St. Martin's. 
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The species differs in minor points from A. gibbus var. hybridus Br6g- 
ger, especially In having an elongated ridge on the front of the posterior 
lobe of the glabella. 

AoNOSTUS 0BTUSIL0BU8 Matthew, 1885. Plate ix, fig. 3. 

Cf. A. scaneoules Salter, 1872, from which it differs by a nar- 
rower glabella with a more obtuse front. 

Diagnosis. — The head of this species is like that of A. acuti- 
loha Matthew. The pygidium described under this name is sub- 
quadrate in form, wider behind than before, and has a pair of 
spines at the outer angles. The axis is nearly one-half as wide 
as the pygidium, about four-fifths of its length and projects for- 
ward beyond the side lobes; it is obtusely lanceolate, somewhat 
narrowed in the middle, and divided into three lobes, of which 
the posterior is a ^ longer than the length of the two anterior. 
The middle lobe is elevated in the middle, and bears an elongated 
tubercle on the axial line; there is also a faint tubercular eleva- 
tion on the middle of the anterior lobe. The lateral lobes of the 
pygidium are somewhat narrowed in the middle of their length by 
the projecting sides of the axial lobe, and rapidly behind the 
pygidium, where they connect. The dorsal furrow is deeply im- 
pressed all around, and at the posterior angle is very close to the 
marginal furrow ; this furrow is angled forward to the axial lobe 
and quadrately rounded at the posterior side of the pygidium, 
Jjoeality. St. John' group, Porter's and Hanford brooks, St. Martinis. 

AoNosTUS TEssELLA Matthcw, 1885. Plate ix, fig. 4. 

Diagnosis. — Head semi-elliptical, highei* in the middle and 
rear part. Dorsal furrow distinct on the posterior ^ of the gla- 
bella, faint on the other ^. Limb strongly elevated ; the interior 
groove deep and strongly impressed. Glabella cylindro-conical, 
rounded in front, the width ^ of that of the head ; the length five- 
sevenths. The frontal lobe of the glabella is depressed to the 
level of the cheeks, and almost obsolete; the posterior lobe is 
cylindrical, rounded behind, bounded in front by a straight, deep 
furrow, and bears a small tubercle ^ from the front. Basal lobes 
small. Thorax of two segments. The anterior segment Ijears 
five lobes of which the two lateral pairs are glol)ose; the axis is 
transversely elongated, wider behind than iKjfore, and bears a 
minute tubercle at the axial line. The posterior segment is simi- 
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lar except the tubercle. The pygidium is semi-elliptical, some- 
what wider than long, strongly elevated along the axis, trun- 
cated in front at the lateral thirds. The axis is cylindro-conical, 
width ^ the pygidium, length f ; it bears an elongated tul>ercle 
on the axial line at the anterior \ ; short furrows indent the sides 
of the axis, opposite the ends of this tubercle. The side lobes 
are narrow and divided at the extremity of the axis b}" a furrow, 
connecting the dorsal and marginal furrows.. 
Locality, St. John group, at Porter's brook, St. Martin's. 

\aN0STUB A0ADIGU8 Hartt, 1878. Plate ix, fig. 7. Syn. Agnostug 

similis Hartt. 

' DiagnoBis. — Head convex, depressed. Limb narrow, slightly 
elevated. Glabella slightly less than ^ of the length of the head, 
long, elliptical, depressed convex, but more elevated than the 
other parts of the head ; frontal lobe of the glabella, sub-circular 
and occupying about ^ of the glabella; basal lobes small, but 
distinct. Cheeks of the same width throughout and united in 
front of the glabella; they are convex, more elevated along their 
inner margins, but sloping outwards roundly and evenly. The 
genial zone has a narrow,, shallow, flat space or groove w^hich fol- 
lows the limb; on going posteriorly along the lateral margins it 
loses gradually its width towards the posterior angles of the head. 
Thorax unknown. 

Pygidium similar to the head. The limb slightly raised, separ- 
ated from the sides by a shallow but well marked groove running 
parallel to the margicr. This groove widens at the point where it 
bends to go forward along the sides, in such a way as to en- 
croach on the thin out of the limb; just before reaching the an- 
terior margin it narrows itself from the inner side, so as to cause 
the side lobes to widen somewhat anteriorlv. These are narrow, 
flattened, about ^ as wide as the axis, narrowing to a point just 
behind the axis where they do not unite. The axis 
is about flve-sixths of the length of the pygidium. lan- 
ceolated, flattened, more elevated than the side lobes of the pygi- 
dium. Dorsal furrows distinct. The axis has a small tubercle 
located on the median line about \ its length from the front mar- 
gin. Surface smooth. 

Locality. St. John group, Saint John, N. B. 

The head of this species approaches that of A, neon, Hall & "^hlt field. 
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Agnostus ACADicus var. declivis Matthew, 1885. PI. ix, fig. 8. 
The author compares this species with A. secretus Walcott. 

Agnostus regulus Matthew, 1885. Plate x, fig. 11. 

Diagnosis. — Head elongate, semi-elliptical, with straight sides, 
posterior contour broken by the projecting glabella, and narrow 
occipital ring. Dorsal furrow distinct, marginal furrow and 
limb sharply defined ; the latter diminishes towards the posterior 
angles of the head. Glabella large, consisting of two lobes ; the 
anterior lobe semi -circular, wider than the posterior lobe, elevated 
above the general contour of the surface and undulate with 
broad furrows, radiating from the back of the lobe; posterior 
lobe flattened, cylindrical, with a faint broad median transverse 
furrow interrupted at the summit of the glabella by a node, 
elongated on the line of the axis. The cheeks are narrowed in 
the middle, there being a crescent- shaped limb in front of the 
anterior lobe of the glabella, and an expanding cheek on each 
side of the posterior lobe of the glabella. 

The pygidium is elliptical. The axial lobe large, high, obtusely 
clavate, constricted in the centre and divided into three lobes; 
the middle lobe is larger than the combined length of the other 
lobes, and has a median ridge-like tubercle. This lobe is indented 
in the middle of its length on each side by a short furrow; the an- 
terior lobe is narrow and ring-like; the posterior lobe is sub- 
lunate. Limb distinct. The side lobes of the pygidium narrow 
in rear to conform with the axis. 

Locality. St. John group, at Portland, Hanford and Porter*8 brook, 
St. Martin's. 

This species is of the type A. rex Barr. 

Section PARVIFRONTES. 

Agnostus umbo Matthew, 1885. Plate x, fig. 9. 
Diagnosis. — Head broadly transversely elliptical, high and 
contracted behind, sloping from the glabella in all directions. 
Marginal fold and fuiTow strongly marked. Dorsal grooves dis- 
tinct. Glabella suborbicular, rounded in front, and behind 
bearing a small tubercle on the axial line, ^ from the front. 
Length of the glabella ^ that of the head. Pygidium semi-ellip- 
tical. Dorsal and marginal furrows deeply impressed ; axis coni- 
cal and greatly elevated above the rest of the pygidium; it l)ears 
a small tubercle j^ from the front. The limb is rather wide at 
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the extremiU' of the pygidium, and is rounded at the anterior 

corners. 

Locality, St. John group, at Porter's hrook. 
This species is of the type A^ parvifrons Liars. 

Section III, LIMBATL General form subquadrate, head 
has a broad limb, basal lobes large. The cheeks in front of the 
glabella are not divided by a central groove or grooved at the 
sides. The pj'gidium is usually produced into lateral spines. 
{Agnostus rex Barr, pi. x fig. 13). 

Series A. (RE6II). Distinguished by its broad limb, dimin- 
ishing cheeks and side lobes of the pygidium. Both the anterior 
lobe of tjie glabella and the posterior lobe of the pygidium ex- 
pand. (T^'pe Agnostm rex Barr). 

Series B. (FALLACES). This series has a smaller head, and 
moderately broad limb. Cheeks large; basal lobes rather large 
with a broad posterior lobe to the axis of the pygidium. (Type 
Agnostus faUdx Linrs, pi. x, fig. 2). 

Agnostus vir Matthew, 1885. PI. x, fig. 14. 

Diagnosis. — Head elongate, semi-elliptical, with straight sides 
and angulated behind. Dorsal furrow distinct. Marginal fold 
and groove rather flat and l)road. Glabella subconical, obtuse in 
front, expanded behind. Length about five-sevenths of that of 
the head. The anterior lobe of the glabella is about two-fifths 
of its length; it is elliptically rounded in front, and obtusely 
behind; the posterior lobe is narrowed behind, and in that part is 
decidedly elevated above the rest of the head ; a sigmoid furrow 
cuts off a depressed l)asal lobe on each side. The cheeks are 
moderately elevated, and of equal width all around the glabella. 

The thorax consists of two segments, the first is divided into 
three lobes of which the outer pair is globose, the axis is elon- 
gated, transverse and indented on the front side by two strong 
furrows extending ^ way across ; the second segment is similar to 
the first, except that there are no grooves on the axis. 

The pygidium is su})quadrate, and armed with two lateral 
opines; its width one-fifth greater than its length. Axis cylin- 
dro-conical, o])tusely pointed liehind, and bears an elongated 
tubercle pointed backwards. The side lobes of the pygidium are 
about ^ the width of the axis and nan*owed towartis the posterior 
<?nd of the pygidium, where they connect. The marginal furrow 
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increases in width going backwards as far as the posterior lateral 
angles, where it is as wide as the lateral lobe of the pygidium, 
but narrows again towards the extremity of the pygidium. The 
limb increases in width from the front as far as the lateral spines, 
behind which it is constricted ; at the anterior end it is angulated 
towards the axis, in the rear third broadlj' rounded. 

Lorality. Bt. John group, Portland and at Hanford brook, St. Mar- 
tin's. 

The species differs but slightly from Agnostus fallax vvLT.ferox TuUb. 
from the Scandinavian formation at Andrarum with Paradoxides tessini, 

AoNOSTUS VIR var. concinmts Matthew, 1885. Plate ix, fig. 13. 
Tl\is varietj' varies but slightly from Agnontns vir. 

DIKELOCEPHALUS ZONE. 
Section LONGIFRONTES. 

Agnostus amebic anus Billings, 1860. 
Syn. Agnostus richmondensis Walcott. Plate IX, figs. 5 and 11. 
Diagnosis. — Head oblong, semi-oval, rather strongly convex, 
most elevated at the posterior quarter of the length, thence de- 
scending with a depressed convex slope in all directions to the 
sides and front. Limb very narrow. The glabella is elongate 
oval, width ^ that of the whole head, length rather more than J 
the length of the head. It has two transverse furrows which 
■completely or partially divide it into three lobes. The anterior fur- 
row extends all across at t^ or a little more of the length from the 
front. The posterior furrow is interrupted in the middle, and is 
only distinctly seen on each side, penetrating j^ the width, while 
its position is a little in advance of the posterior third of the 
length of the glabella. The space between the two inner extrem- 
ities of the posterior furrows is occupied by a low conical tuber- 
cle, with the apex directed backwards. Basal lobes small and 
triangular. Dorsal groove distinct. Cheeks divided in front of 
the glabella by a furrow. The surface is ornamented by from 15 
to 20 irregular, slightly impressed radiating rugose striae. The 
pygidium is striated like the head. The axis has three lobes with 
an elongated median tubercle, extending across the anterior and 
middle lobes; the posterior lobe is equal in size to the other lobes. 

Ijocality. Point Levis, Quebec. 

This species approaches A, trisectus Salter, which occurs at Andrarum, 
Sweden with the genus Peltura, 
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Agnostus canadensis Billings, 1860. Plate ix, fig. 9. 

Diagnosis. — Head obtusely oblong, semi-oval, width a littlo 
greater than the length, a concave border nearly as wide as tHe 
glabella all around. Glabella in width less than ^ the width of 
the head, and in length a little more than §- the length of the head. 
Basal lobes small. The transverse furrow marking the frontal 
lobe of the glabella is located a little in advance of the mid- 
length; the tubercle is obscure and appears to be indicated by the- 
small indentation in the middle of the transverse furrow. The 
cheeks are separated in front of the glabella by a furrow. 

The author doubtfully figures a pygidium of this species. It 
has a similar form to that of the head of .4. canadensis with the 
concave border all around the margin. The axis is obtusely cla- 
vate, and marked with two joints. The posterior joint is large 
and convex, extending quite to the concave border, where it is 
full half as wide as at the furrow which divides the two joints. 
The tubercle is situated in the transverse furrow and makes a 
small indentation in the edge of the posterior joint. 

Locftl'ty. Point Levis, Quebec. 

Agnostus communis Hall and Whitfield, 1877. Plate ix, fig. 15. 

Diagnosis. — Head subparaboloid, wider than long. Surface 
strongly convex. Glabella nearly equaling ^ of the width of the 
head ; anterior third sepai-ated from the posterior lobe "by a faint, 
transverse furrow. Central part of the glabella ornamented by 
an elongated and angular tubercle. Dorsal furrow distinct. 
Cheeks separated in front of the glabella by a groove. Basal 
lobes triangular. Limb flattened. Thorax unknown. 

The pygidium with a flattened limb, which is ornamented with 
lateral spines. Surface strongly convex ; in the anterior half, the 
dorsal furrow being directed gently inward for half their length, 
and then suddenly deflected outward, with a slight curvature, be- 
coming obsolete a little behind the middle of the length. An 
elongated angular node marks the axis near its anterior margin. 
Surface of the head and pygidium smooth. 

Ijocality. White Pine, Nevada. 

This species is of the type Agnostus cyvXopyge Tullberg. 

Agnostus coloradensis Shumard, 1861. Plate ix, fig. lli. 
The description was drawn from a single example found in 
Burnet county, Texas, near the mouth of Morgan's creek: the 
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author states that there is no fissure extending from the glabella 
to the anterior margin. The absence of this groove may be due to 
the state of preservation. This species agrees in every other re- 
spect with A, neon. Agnostus neon differs from A, communis in 
minute points, especially in the absence of the tubercle on the 
glabella. 

AoNOSTUS ORION Billiugs, 1860 (cf. A. pisifomiis Linne). 

Plate IX, fig. 12. 

Diagnosu. — Length and breadth about equal, sub-circular, con- 
vex, a very narrow margin all around. Glabella not quite 'j^ the 
whole length, very convex; a transverse furrow at one-third the 
length from the apex ; small triangular basal lobes without a median 
tubercle. Cheeks divided in front of the glabella by a furrow. 

Locality. Point Levis, Quebec. 

The same term was used by Barrande Id 1846 for a species of this 
genus. If this species differs from A, pisiformisM is only in the absence 
of the median tubercle, which may be due to its state of preservation. 
There is a slight indication of the tubercle on one of my cabinet speci- 
mens from Point Levis. A pygidium from the same locality is similar 
to that of Agnostus pisiformis, 

Agnostus josepha Hall, 1863. Plate ix, fig. 17. 

Diagnosis. — Head semi-elliptical, margined by a flattened or 
concave narrow limb; geual angles produced into short spines. 
Glabella prominent, narrow, extending about f the length of the 
head, and crossed bv a shallow furrow near the anterior end. The 
posterior lobe is marked by an oblique furrow on each side; a 
small node on the summit at the anterior termination. The trian- 
gular space on each side between the transverse and oblique fur- 
rows is like-wise elevated into a low node. The posterior central 
portion is gibbous. The ba?al lobes small and triangular in form. 
Cheeks divided in front of the glabella by a furrow. Pygidium 
of the same form as the head. Axis prominent, subquadrate, 
wider than long, nearly ^ the length of the pygidium, bearing a 
node or short spine on its posterior extremity ; sides and bod}' of 
the pygidium, outside of the axis, highly convex. 

Ijocality, Trempealeau and elsewhere on the Mississippi about lake 
Pepin, Wisconsin. The species occurs with Anomocare tcisconsensig and 
Ptychaspis granulosa. 
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Agnostus richmondensir Walcott, 1884. Plate ix, fig. 11. 

Diagnosis, — Head moderately convex, length and breadth equal. 
Glabella f the length and a little more than ^ as wide at the base 
than the width of the head; elongate, conical in outline, 
strongly defined by the dorsal furrows, with the anterior thirct 
separated by a distinct transverse furrow ; a little less than mid- 
way between this furrow and the posterior margin, a short furrow 
penetrates from each side towards the base of a minute tubercle 
situated on the median line. Basal lobes small, triangular. 
Cheeks more convex than the glabella, separated in front of the 
glabella by a furrow. Limb narrow. Surface ornamented b^- 
slightly irregular depressed lines that indent the surface from the 
margin nearly to the edge of the strong dorsal furrows. Surface 
smooth under an ordinary magnifying power. 

Locality, Prospect mountain, Nevada. 

This species is identical with Agnostus americanus Billicgs. 

Agnostus maladensis Meek, 1873, aflf. Agnostus josepha. 
The author proposes this name for a species from Malade City, 
Utah, which is closely allied to Agnostus josejiha Hall, except that 
the specimens do not exhibit the spines on the genal angles of the 
head ; the author remarks *'none of which are in a condition 
to remove all doubt on this point." 

Section LIMBATI. 
Agnostus bidens Meek. Plate x, fig. 5. 
Diagnosis. — Head moderately convex, slightly wider than long, 
bordered by a rounded margin with a strongly defined marginal 
groove. Griabella convex, narrow, more than ^ the length of the 
head, converging anteriorly, sub- angular in front; two oblique 
furrows posterior to the center enter from each side, and unite 
just in advance of a small node, on the center of an elevation, de- 
fined behind by a transverse furrow that bends backwards; be- 
tween this furrow and the occipital furrow a narrow band extends, 
widening out laterally, forming the basal lol)es. Dorsal furrow 
distinct. Cheeks convex and sloping rapidly to the marginal 
groove from the somewhat elevated central portion. Thorax un- 
known. The pygidium is armed with lateral spines, and is 
strongly convex. Axis conical, extending more than f of the en- 
tire length, ornamented with an elongated, angular tubercle on the 
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anterior portion, with a transverse furrow just before it, separating 

a narrow anterior portion; in some examples a faint transverse 

furrow crosses back of the tubercle. Surface of the head and 

pygidium finely granulose. 

Locality. Gallatin City, Montaaa, also in the Eureka District of Ne- 
vada and elsewhere. 

AoNosTUs TUMID08US Hall and Whitfield, 1877. Plate x, fig 8. 
Duf gnosis. — Head highly dome-shaped in outline, slightly con- 
tracted near the occipital border, very convex. Limb narrow, 
flattened. Dorsal furrow distinct. Glabella small, less than f 
as long as the head, conical and very convex, especialh" tumid in 
the lower part ; the central tubercle marked near its edge by a very 
slight line which presents the appearance of a border surrounding 
it. Frontal lobe about ^ of the length of the glabella. Basal 
lobes triangular and minute. Thorax unknown. The highly 
dome-shaped outline with the form and markings of the glabella 
distinctly mark this species. 

Locality, Eureka, Nevada. The species is of the type A, qtiadratus 
Tullberg. 

Agnostus interstrictus White, 1874. Plate x, fig. 6, 
Diagnosis. — This species of the type A. fallax Linrs. is ellip- 
tical in form with a smooth surface. The head is broader than 
long. Limb narrow, forming a narrow linear depression l>etween 
it and that portion of the head which it incloses. Glabella bilobed, 
conical, well defined by the dorsal furrows, and sharply rounded 
in front. A minute tubercle on the median line ; near the poster- 
ior end; the frontal lobe is marked off by a shallow transverse 
furrow. Thorax of two joints, narrower than the head and 
pygidium, giving the body the appearance of being constricted at 
the middle. Axis broad, both its joints tumid at the ends, where 
they reach the dorsal furrows; lateral lobes very narrow, pleurae 
about as wide as long, each pleurae tumid and rounded at the ex- 
tremities. Pygidium in form like the head. Axis a little longer 
than the glal)ella, moderately convex, with a minute tubercle on 
the median line near the anterior end. Sides between the mar- 
ginal furrow and axis convex. The lateral angles of the pygid- 
ium are produced into sharp spines. The basal lobes of the gla- 
bella are very minute. 
Locality. Antelope Springs, Utah. 
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Section L^VIGATI. The dorsal grooves marking the glabella 

and axis of the thorax and pygidium, are wanting or faintly indi- 
cated. Cnist smooth, sometimes with slight indications of strias. 
Limb on the head disappearing; on the pygidium it becomes broad. 
{Agnoshis lavigatits. Dalm., plate x, fig. 3). 

AoNOSTUS DisPARiLis Hall, 1863. Plate x, fig. 15. 
Diagnosis. — Head semi -elliptical, convex towards the posterior 
side, and abruptly sloping in front; length and breadth nearly as 
3 to 4, a little concave on the posterior margin and marked near 
the edge bj' a narrow groove on each side of the middle; the centre 
slightly elevated close to the margin. The limb is a little wider 
in front than at the sides. The pygidium (?) is a little wider than 
long. The trilol)ation extends nearly to the posterior extremit}', 
Und is separated from it only by a narrow border. The axis is 
fully once and a half as wide as the side lobes, somewhat flattened 
on the summit, and very distinctly limited by the dorsal furrows. 
The pygidium figured with this species may be that of the genus 
Microdiscus. 
Locality, Oseola Mills, on the St. Croix river, Wisconsin. 

Agnostus parilis Hall, 1863. Plate x, fig. 4. 
Diagnosis. — Head semi-elliptical; length and breadth about 
<5qual, very convex in the posterior part, and curving downwards 
to the anterior margin. The central portion of the posterior part 
is limited by a faint curving groove; and anterior to its limits 
there is a slight elevation, which may have a node on the surface 
of the crust. The posterior margin, just within the angles, is pro- 
duced in a minute node. The limb gradually expands from the 
posterior angles to the front, where it becomes well defined. The 
pygidium is slightly truncated at the anterior angles, the marginal 
rim narrower towards the articulating border. The central part 
is slightly more elevated and limited by furrows diverging from 
the anterior margin. On the median line, at a point ^ the length 
from the front margin, there is a distinct elongated tubercle. 
lA>cality, Shores of lake Pepin. 

Agnostus prolongus Hall and Whitfield, 1877. Plate x, fig. 10. 
Diagnosis. — Head elongated, or very high dome-shaped in out- 
line. Surface depressed, convex in front and gradually rising to 
near the occipital border, where it becomes low, tumid. Glal>ella 
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-very indistinct, of conical form, with triangular basal lobes. Limb 
narrow, somewhat rounded, gradually fading out along the postero- 
lateral angles. Pygidium (?) much like the head, but much shorter 
in proportion to its width. The axis occupies more than J- of the 
•width, short and rounded, obconical, ornamented by a node in its 
upper end, and divided across by a doubly curved transverse fur- 
Tow near the lower end. Dorsal furrows distinct. Limb flattened. 
Locality, Eureka, Nevada. 

Section FALLACES. 
Agnostus seclusus Walcott, 1884. Plate x, fig. 16. 

4)iagno8i8. — Head strongly convex, a little longer than wide, 
-with a slight contraction posteriorly. Limb narrow with a distinct 
groove between it and the cheeks. . Dorsal furrows well defined. 
Basal lobes distinct. Glabella about half the length of the head, 
strongly convex and squarely truncated in front; at about the an- 
terior third a broad, short furrow penetrates on each side a short 
distance, and posteriorly a rounded node is separated from each 
lateral angle by slight furrows, forming the basal lobes. The 
cheeks slope rapidly towards the marginal groove, on the sides 
4ind more gradually to the front. Surface finel}' granulose. 

Locality. Secret Canon shales, Eur^^ka District, Nevada. 

ASAPHUS ZONE. 

Section IV, ARTHRORHACHIS, type Agnosias tardus Barr. 
Aqnostus oalba Billings, 1865. Plate ix, fig. 6. 

The author describes in The Palaeozoic Fossils of Canada, Vol. 
1, 1865, p. 291, Agnostus gaiha and A. /alius from Table Head 
and Pistolet bay, Newfoundland. Both these species are of 
Lower Siluric types, the first of Agnostus tardus Barr, and the 
second of A. lentiformis Ang. The species appear with the gen- 
era AsaphuSf Hhenus and Triarthrus fischeri^ etc. 

Diagnosis. — Head strongly convex. Limb narrow. Glabella 
convex, strongly elevated above the general surface, occupying 
about f of the whole length of the head. Smooth, no tubercle, 
but with slight indentations on each side, at about the mid-length. 
Doi-sal furrows distinct. Basal lobes triangular. Pygidium in 
contour and convexity, like the head. Axis strongly convex, well 
defined all round by the dorsal furrows; a furrow runs all across 
at ^ the length from the apex ; a short one on each side at f the 
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length from the apex. The tubercle forms a longitudinal medium 
lobe in the anterior f of the axis. The tubercle is at the anterior 
margin, slightly eleva.ted above the general convexity of the axis, it 
is less elevated just over the anterior pair of furrows, but l^ehind 
this point it rises to twice the hight and terminates abruptly 
at the posterior furrow. The anterior lobes of the axis are dis- 
tinctly separated from the tubercle by a narrow groove; the 
second two are not. Surface appjirently smooth, but with indi- 
cations of dmall wrinkles which unite with each other, so as to 
give a reticulated aspect, similar to that of A. retlculatm Ang. 
The species differs from A. tanhts Barr, in having a shorter axis 
in the pygidium, and in having the node of uniform hight its 
whole length. 

Agnostus fabius Billings, 1865. Plate ix, fig. 10. 
Diagnosis, — Head semi-elliptical, uniformly and moderately 
convex. Limb very narrow. Glabella scarcely elevated above the 
general surface, not defined in front; obscurely so in the posterior 
half by the dorsal furrows, which are parallel, and disappear 
about the middle of the head. Basal lobes small, triangular. 
Pygidium slightly more elongated than the head. Limb narrow, 
flat. Axis about ^ the whole width; it has two pairs of transverse 
fun'ows, the posterior reaching the median line, where there is a 
small rounded tubercle, located slightly behind the mid-length of 
the axis. The anterior furrows are half way between the tuber- 
cle and the front margin, their inner extremities separated by 
about one-third the width of the axis. 



STRIATION OF ROCKS BY RIVER ICE.* 

J. B. Todd, Vermillion, S. Dak. 

Sixty years ago the striation of rocks was commonly asnribed 
to the action of floating ice. For the past twenty-five years these 
same markings have as generally been referred to the action of 
land-ice. So much is this the case now, that careful discrimina- 
tions seem to be largely neglected. Very few observations have 
been reported, which are clearly referable to glacio-natant action.. 
While it is quite generally admitted that berg-floe, or river-ice 

^Published with approbation of State Geologist of Missouri. This, 
paper was read before the Iowa Academy of Sciences, Dec. 29, 1891. 
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may striate, cases are rare where they have been shown to do 
such work. 

Croll, in '*Climateand Time," pp. 272-279, reviewing the ob- 
servations of Campbell and others about the gulf of St. Law- 
rence at various points, and along the St. Lawrenee and Ottawa 
rivers, concludes that floating ice does not striate. The only 
case he admits is one seen by Lyell at cape Blomidon, on the 
west side of the Basin of Mines, in a tidal channel where the 
conditions were similar, as we understand, to those in a river. 

Lyell, after searching diligently along the river below Quebec 
and at the falls of Montmorenci, concludes as follows: **In none 
of these places were any long, straight grooves observable, and I 
feel pei'suaded that any degree of freedom of motion in the rocky 
fragments forced along by small pieces of ice, or by flood of 
water, would be quite incompatible with the mechanical effects 
exhibited in what are called glacial grooves." (Travels in North 
America, 1841-2, Vol. 2, p. 115). From his method of speak- 
ing, it seems that he may have found stria*, but he was not so 
much endeavoring to decide whether the ice ncmtched the rocks, 
as to determine if it could imitate so-called glacial grooving. 

Chamberlin, in his Rock Scorings of the Great Ice Invasion, 
doubtfully refers some scratches in western New York, to the 
agency of ice-bergs. (7th Annual U. S. G. S., p. 166). 

Little has been published, so far as the writer has discovered, 
on striation by floating ice, and still less about the action of river- 
ice. It has been his privilege to gather several interesting facts 
which have the greater importance because of their rarity. 

Ten years ago, at Running Water, S. D. , I first saw striae on 
chalk-stone a few feet above low water in the Missouri, so situ- 
ated that they could not be referred to glacial action, and to nothing 
ancient. The scratches were some of them 10 inches long, and 
bore S. 73® E. They are on the north side of the river at the 
foot of cliffs above the landing. 

A few seasons after, I found unusnal scratches among the 
many referred to glacial action, near Sioux Falls, Dak. They 
were deeper and rougher, with tapering ends and upon a boss of 
rock, apparently eroded from the south instead of the north. 
They were only a few feet above the present Big Sioux, a few 
rods distant. The longest were about 10 inches long, their direc- 
tion, N. 57® W., I. €.', parallel with the course of the river. 
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As both these localities were within the glaciated area, and es- 
pecially the latter, on the same level with striae commoiily re- 
ferred to the action of land ice, their origin remained undecided 
in my mind. 

I sought for light upon the problem at every opportunity, as 
on limestone ledges along the Platte and Missouri rivers, but in 
vain. 

During the past season, it was my privilege to visit Cape 
Girardeau, Mo. , and Grand Tower, III. , while employed on the 
geological survey of the former state. At Cape Girardeau, I 
found upon the ledges a little above low water, numerous scratches 
several inches long, having a direction S. 10-35*^ E., correspond- 
ing to the course of the river opposite. Here again there was 
doubt as to their origin, because although beyond the limits of 
extreme glaciation, it was not impossible that they might have 
been formed by artificial means, the slipping of pike or anchor, 
or the grazing of boats. They were near the main landing. 

The next day, I was rejoiced to find a much finer exposure of 
similar markings, al)out three miles above Grand Tower, on the 
east side of the river. Here everything seemed to conspire to 
give an unequivocal affirmative answer to the question, whether 
river ice did ever striate rocks. 

There is there a hard, even-topped stratum of dark limestone, 
jutting from the bank several yards, and dipping at a slight angle up 
stream and toward the bank. The steep bank, upon it and ex- 
tending further up the stream, is faced with large sandstone 
boulders. The dip of the rocks is 4-6° E. NE. The principal 
seams of the rock are N. 10-12° E. The surface, which was 
quite generally planed and striated, was 10 feet wide on an aver- 
age, and ()0-75 feet long. The direction of most of the stri» 
was S. 10-11° W., and of a few, S. 18° W. The striated sur- 
face reached from the surface of the water up 2-3 feet above 
that level. A small patch toward the lower end was scratched 
S. 56° E. The stria? were, if anything, more strictl}' parallel 
than in most glacial striaj. They were short, rarely more than 
three inches long. This was mainly due, it would seem, to the 
nodular and much cracked nature of the stone. One other pecu- 
liarity of the stone affected the form of the markings. Scattered 
through the rock were small black grains, as if of iron oxide. 
These usually headed the narrow ri))s separating the striie. 
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As if to leave do doubt, a long deep scratch, about four feet 
in length and about as high above the ledge, was made doubtless 
by the same agent, viz., river-ice, on the nearly vertical face of a 
large boulder. This was in the same direction as the striae on 
the ledge below. 

The condition obtaining here and not in some of the other 
localities 1 had examined was the occurrence of numerous siliceous 
boulders at the river margin, a little up-stream from the ledge 
showing abrasion. 

After this demonstration of the efficiency of river-ice, I had no 
difficulty in ascribing the cases previously noted to the same cause. 
1 would refer some, reported by others, to probably the same cause, 
viz. : Some reported to me by Prof. J.W. Spencer, as found at low 
water mark, at St. Louis, also some, reported to me some years 
since, by Prof. S. T. Trowbridge, from the vicinity of Glasgow, 
Mo. And less confidently those formerly seen and published by 
Dr. C. A. White, occurring at low water, at Omaha, Neb. 

Nor is the story complete, without adding an interesting case 
most recently observed, at Wellington, Mo. There, on a ledge 
near low water, not far from the depot, are a very few markings 
on a rough horizontal ledge of limestone. The patches striated 
were in each spot less than three inches across, but the markings 
in each were parallel to one another. In the first spot the direc- 
tion was S. 45° E., on a surface dipping 4-5° to E. In the direc- 
tion of the striae and 14 inches away was another patch, level, 
and striated S. 61° E. ; and following that direction 18 inches, a 
patch sloping upward and striated S. 77° E. was found. Possi- 
bly this was all done by one floating block. 

The foregoing observations, seem to me to warrant the follow- 
ing conclusions: 

1 . Planation and striation are sometimes the work of river- 
ice, armed with erratics. 

2. The localities most favorable for this phenomenon seem to 
be, on the outside of a bend, or near a strong cuiTent, near low 
water mark, and below a point where siliceous erratics lie near the 
water level. 

3. The dynamical conditions necessary are probably a sudden 
breaking up of the ice, before it is rotted by thawing, and with a 
flood to wield it. This, however, is largely conjectural. The proper 
conditions do not often occur in our present western streams. 
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4. Usually the strise are parallel, as much so as in glacial 
action, and commonly on surfaces dipping up stream, but occa- 
sionally upon limited areas dipping down stream. 

While these facts may have no direct significance of practical 
value, they indirectly throw much light upon the possible origin 
of the extra-morainic drift, and of some ancient striated sur- 
faces outside of the moraines. 



EEYIEW OF EECENT GEOLOGICAL 

LITERATUEE. 



Bulletin of the Geological Society of America, Proceedings of the Summer 
Meeting held at Washington, August 24 and 25, 1891, H. L. Fairchild, 
Secretary. Vol. Ill, pp. 1-152; issued March 9, 1892. 

A fine portrait of Prof. Alexander Wlnchell, the deceased president of 
the society, forms the frontispiece of this brochure, which contains a 
memorial sketch of him by his brother, Prof. N. H. Winchell. 

Many papers that were read at the meeting, a considerable number of 
them being by foreign geologists who attended the International Geolog- 
ical Congress, are preseQjted, either entire or in abstract, including notes 
on a geologic map of South America, by Dr. Gustav Steinmann, of Frei- 
burg, Germany; Thermometamorphism in Igneous Rocks, by Alfred Har- 
ker, of Cambridge, England, discussing a great volcanic series of Ordo- 
vician ag** in the English Lake District; The Plant-bearing Deposits of 
the American Trias, by Lester F. Ward, these deposits in the Connecti- 
cut valley, in New Jersey and Pennsylvania, Virginia and Maryland, 
North Caroline, and New Mexico and Arizona, being all referred to the 
upper Keuper, near the summit of the Triassic system; Studies in Prob- 
lematic Organisms — the genus Scolithus (with numerous figures in the 
text), by Joseph F. James, who regards these worm-burrows as valueless 
for correlations; The Tertiary iron ores of Arkansas and Texas (with a 
map), by R. A. F. Penrose, Jr., who concludes that the llmonite ores as 
BOW found are the products of the oxidation of original iron carbonate 
and sulphide; Sandstone Dikes in northwestern Nebraska (with illustra- 
tions in the text), by Rol)ert Hay; The Euryptemis beds of Oesel as com- 
pared with those of North America, by Dr. Friedrich Schmidt, of St. 
Petersburg, Kussia; On the marine beds closing the Jurassic and open- 
ing the Cretaceous, with the History of their Fauna, by Prof. Alexis 
Pavlow, of Moscow, Russin; Quaternary Chan g*»s of Level in Scandinavia 
(with a map), by Baron Gerard de Geer, of the Geological Survey of 
Sweden (see the Geol.ogi8T, Oct., 1891, p. 236); The *'Black Earth" of the 
Steppes of southern Russia, by Prof. A N. Krassnof, of Clarkow, Russia, 
a most interesting comparison of the chernozem with the black prairie 
oil of the Missi^^/ppl basin; On the existence of the Dinotherium In Rou- 
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mania, by Prof. Gregoire Stefanescu, of Bucharest, Roumania; The Elaeo- 
lite-Syenite of Beemerville, New Jersey, by James F. Kemp; Notes on 
the Texas-New Mexican region, by Robt. T. Hill, an admirable paper 
descriljing: (1) the Lafayette formation of gravel, sand and silt, rang- 
ing in altitude up to 5,500 feet and aireraglng 200 feet In thickness, on 
the Llano Estacado, the Edwards Plateau, and the Washington Prairies, 
(2) Lafayette and Columbia fluvial and lacustrine beds, ranging together 
to thicknesses of 500 to 1,000 feet, in basins of western Texas and New 
Mexico, surrounded by faulted and tilted mountain blocks, and (3) vol- 
canic areas of eastern New Mexico^ having lavas which overlie these late 
Tertiary and Pleistocene formations; The Relations of the American and 
European Echinoid Faunas, by J. W. Gregory, of the British Museum of 
Natural History, concluding that these continents have been so united at 
times during the Miocene and Pliocene periods as to permit their echin- 
oid faunas^ before widely different, to become closely related, in a man- 
ner ^wholly incompatible with the theory of the permanence of the great 
ocean basins;" The Missouri Coal Measures and the Conditions of their 
Deposition (with a map and seven ideal sections in the text), by Arthur 
Winslow; The Pelvis of a Megalonyx and other bones from Big Bone 
Cave, Tennessee, by James M. Safford (see the Geologist, Oct., 1891, p. 
'232); The Cienegas of southern California, by Eugene W. Hilgard, de- 
scribing alluvial fans of gravel, sand, and silt, which become reservoirs, 
with springs issuing on their lower portions and producing spots of ver- 
dure (cienegas) in otherwise arid tracts; The Chattahoochee Embayment, 
by Lawrence C Johnson, d- scribing Tertiaiy and Quaternary formations 
in western Florida; Peculiar geologic processes on the Channel Islands 
of California, by Lorenzo G. Yates; Inequality of Distribution of the 
Englacial Drift, by Warren Upham (see the Geologist, Oct., 1891, p. 239); 
Effects of Drought and Winds on Alluvial Deposits in New England, by 
Homer T. Fuller (1. c, p. 239); and A Deep Boring in the Pleistocene 
•near Akron, Ohio, by E. W. Clay pole (1. c, p. 239). 

Three papers read at this meeting are printed in separate brochures, 
namely. Preliminary Notes on the discovery of a Vertebrate Fauna in 
Silurian (Ordovician) strata (pp. 153-172. with three plates, issued March 
15, 1892), by Charles D. Walcott, describing remains of placoderm fishes 
in Lower Trenton strata at Canyon City, Colorado; Certain extra-morainic 
Drift Phenomena of New Jersey (pp. 173-182), and On the northward and 
eastward extension of pre-Pleistocene Gravels of the Mississippi Basin 
(pp. 183-188), both by R. D. Salisbury, issued March 31, 1892 (see the 
Geologist, Oct., 1891, p. 238). 

The Labrador Coast: A journal of two summer cruises to that region, with 
notes on i^s early discovery^ on the Eskimo^ on its Physical Geography^ Geol- 
ogy, and Natural History. By Alpheus Spring Packard, pp. 513; with 
many maps and illustritions. (New York: N. D. C. Hodges, publisher, 
1891). This volume well presents nearly all that is known concerning 
the geography, geology, fauna (both of land and sea), and flora of Labra- 
Kior. The author^s observations and discussion of the glacial phenom- 
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ena are especially valuable. Several of the maps, based largely on 
explorations by the Moravian missionaries, have been drafted for this- 
work and are superior to any previously published. 

Exploration on Grand Eivery Labrador. By Austin Gary. (Bulletin^ 
Am. Geog. Soc, Vol. xxiv, pp. 1-17, with a map; March 31, 1892). The 
Bowdoin College expedition in 1891 to the falls of the Grand river in. 
Labrador, of which a brief narrative is given in an appendix of Prof^ 
Packard's volume, is here more fully reported. The largest fjord of 
Laorador, about 150 miles long, known as Hamilton Inlet, terminating in 
lake Melville, receives at its head the Grand river. The distance along- 
the river from its mouth to the falls is nearly 800 miles. For nine miles- 
next below the falls the river runs in a narrow postglacial cafion, 800 feet 
deep close to the falls and 800 to 1,000 feet deep at its lower end, where 
it opens, like the gorge below the falls of St. Anthony on the Mississippi, 
into a wide preglacial valley, whose upper part is occupied by a compar* 
atively small tributary. The caflon is eroded in the hardest crystalline 
rocks, which form a plateau in that region about 2,000 feet above the sea; 
and the amount of Its erosion, as of the gorges below Niagara and the 
falls of St. Anthony, affords a measure of the length of postglacial time. 
The vertical fall, probably due to systems of joints in the rocks, was esti- 
mated by Mr. Gary to be somewhat less than 200 feet, but has since been 
more reliably determined to be about 800 feet. Strong rapids extend 
several miles both below and above the falls. 

On tJie Osteology of Mesohippus and Leptoimryx^ mth Observation on the 
Modes and Factors of E eolation in t/ie Mammalia. By W, B Scott. (Jour- 
nal of Morphology, Vol. v, No. 3^ pp. 104, with two double plates and 
nine figures in text). 

This is a worthy sequel to the admirable memoir on Pmbrotherium by the 
same author, briefly noticed in the November number of the Geologist. 

The first 41 pages are occupied with a study of Mesohippus in its rela- 
tions to existing equine forms. 

The typical species of this genus M. bairdii, first referred by Leidy, 
its describer, to the genus Palceot/ierium and later to Anchitlierium, has 
usually been referred to the latter genus, but, as has been shown by- 
Scott*, belongs, by the non-invaglnate enamel of its incisor teeth, to.anr- 
other genus, for which he has retained the name, Mesohippxis. The genua 
Mesohippus^ originally proposed by Marsh on characters which, so far aa 
different from those of Anchitherium^ are of merely specific value, is thus- 
saved literally "by the skin of its teeth." 

Of the two genera, Anchitherium and MesoJiijypus, the latter is regarded 
as the more primitive form, and it is questioned whether the former 
genus be in the line of equine descent and whether it do not rather form 
a side branch. 

After a detailed description ol the parts of the skeleton, a fall-pag» 
restoration is given, in connection with which Prof. Scott remarks: "The 
successive genera of the horse species show for the most part a steady 

Hcience. Vol. vn. 
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increase in size from the tiny ffyraeotherium of the Wasatch Eocene to 
the great animals of Post-pliocene times. Mesohippus, however, has 
not reached a large stature, advancing beyond its Bridger predecessor, 
Pachynolopkus, much less in regard to size than in morphological differ- 
entiation; the larger species of the Bridger genus are but little Inferior in 
this respect to the smaller species of the White River form. In spite of 
its comparatively high degree of differentiation, Mesohippus was a very 
small animal compared with the recent horses, about the size of the New- 
foundland dog. The skeleton is essentially like that of existing Equidm 
in character and appearance, but presents many striking points of differ- 
ehce.*' Some of these points are as follows: Mesohippus as compared 
with EquuB is characterized by its smaller skull, ahorter face, larger and 
more anteriorly and inferiorly placed, posteriorly open orbits, its less 
massive, less opisthoca^lous, cervical vertebree, differently shaped odon- 
toid process, long and well arched back, less flattened ribs, its slenderer 
limbs and decidedly greater length of hind-limbs relative to fore-limbs 
than in Bquus, its complete though slender ulna, its functionally devel- 
oped second and fourth metapodials and splint-like metacarpal I. 

Concluding this part of his paper, the author observes: 'There are 
thus many points of difference as regards the proportionate development 
of the various parts of the skeleton, between AfeioJUppus and jSguus, and 
these divergences, more especially the smaller and differently shaped 
head and the very slender tridactyl feet, give to the older type quite an- 
other physiognomy than that of the recent representatives of the group, 
even without taking into consideration its very much smaller size» 
Nevertheless, no one can examine the skeleton of the Miocene genus 
without being struck by its essentially equine nature; in the teeth alone 
is the fundamental similarity of plan not apparent at the first glance > 
though even here a careful examination reveals the connection very 
clearly. This similarity extends also to the earlier mem bers of the equine 
series, for Hyrncotlierium from the lower Eocene belongs as unmistakably 
to this line as do any of the later genera. Indeed, one of the most strik- 
ing features of this phylum is the way in which its essential features, 
and even many apparently insignificant details, are, as it were, sketched 
out in very early times and then gradually elaborated, without deviation 
and without retrogression, until the final term of the series is reached." 

In the second section of the contribution, nineteen pages are devoted 
to an account of the genus Leptomeryx, including description of nearly 
all of the skeleton with a restoration of L. evansi I eidy, and a discus- 
sion of the problem of the systematic position of the genus. It is found 
that in twenty-seven characters that especially mark the tragulines, 
Leptonuryx agrees with them In twenty-one, presenting on the other hand 
six more or less important points of relationship to the Pecora. 

Boas' view that the tragulines are a group of simplified ruminants de- 
rived from typical members of that series, by which Leptomeryx would be 
considered one of the direct ancestors of the tragulines, is rejected, and 
it is considered probable that **Leptomeryx is a side-branch of the trag- 
uline stem given off before the extreme concentration of the tarsus char- 
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^cteristic of existing members of that stem bad been acquired, and wliich 
^as paralleled more or less exactly the characters of the Pecora in certain 
particulars; e, g^ the condition of the auditory bulloi and the constitution 
of the posterior cannon-l)one.'' 

The remainder of the paper consists of two discussions: one **0n the 
mode of evolution in the Mammalia," the other "On some factors in the 
evolution of the Mammalia/' 

The first of these is concerned chiefly with the paleontological evidence 
for parallel and convergent evolution. The evidence seems quite con- 
•clusive that both modes have obtained, and "it follows with great proba- 
bility that many generic groups are not real expressions of relationship, 
but artificial assemblages of similar forms/' The author points out the 
fallacy of Huxley's dictum that "it Is more important that similarities 
should not be neglected than that diiferences should be overlooked." 
The evolution of the types selected for study, though with some fiuctu- 
atioUf is comparatively direct, and the plasticity of mammals is believed 
to show marked limitation. "In every formation, the majority of species 
appear to die out without leaving any successors behind them, and too 
early a specialization would seem to be fatal to the perpetuation of a 
group. With rare exceptions the progenitors of permanent lines seem 
to be those forms which have not strayed too far in any direction from 
the safe middle course." 

To the general rule that among mammals differentiation is by reduc- 
tion in the number of parts, exceptions are noted; and the probability is 
indicated that evolution does not always proceed at a uniform rate. 

The part "On some factors in the evolution of Mammalia" deals chiefly 
with Weissman's theory of heredity and the "dynamic theory." While 
commending the former as having called renewed attention to funda- 
mental questions, the author does not accept it, coosidering that it con- 
fuses, rather than explains, the phenomena of heredity. The "dynamic 
theory," on the other hand, though presenting a dlfilculty in understand- 
ing how changes In the periphery can modify the germ-plasm in such a 
way as to reproduce the new characters in the offspring, is regarded as 
much more consistent with the data of palaeontology. 
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//. Proceedings of Scientific Societies, 

Proceedings of the Colorado Scientific Society, Vol. iir. Part in, 1890, 
contains: Identification of Dinosaurs from the Denver Group, by Geo. 
L. Cannon, Jr; A Remarkable Or^^stalllne Compound of Arsenious and 
Sulphuric Acids, by Richard Pearce; Iron-Ore Beds in the Province of 
Santiago, Cuba, by F. F. Chlsholm; Gold Deposits In the Quartzlte For- 
mation of Battle Mountain, Colorado, by F. Gu Herman; Geology of the 
Roslta Hills, Custer Co., Colorado, by Whitman Cross; Fulgurite from 
the Spanish Peaks, by R. C. Hills; On the Nature of the Chemical £le- 
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ments, by Chas. 8. Palmer; The Geology of Perry Peak, Colorado, by 
Geo. L. Cannon. Jr.; A Boulder County Mine, by John B. Parish; Colum- 
bite and Tantalite from the Black Hills, S. D., by Wm. P. Hehdden; 
Notes on the Discovery and Occurrence of Tin Ore in fhe Black Hills, 
S. D., by Wm. P. Headden; On the Quartz Porphyry of Flasstaff Hill, 
Boulder Co., Colorado, by Chas. S. Palmer and Henry Fulton; Orographic 
and Structural Features of Rocky Mountain Geology, by R. C. Hills. 

Proceedings of the Rochester Academy of Science, Vol r, Brochure ii, 
contains: Notice of a New Meteorite from Louisa Co., Va., by E. E. 
Howell; Analyses of Eamacite, Tocnite, and Plesslte from the Welland 
Meteoric Iron, b}' J. W. Davison; A Section of the Strata at Rochester, 
N. Y., as shown by a Deep Boring, by H. L. Fairchild; On the Separa- 
tion and Study of the Heavy Accessories of Rocks, \ y Orville A. Derby. 

Journal of the Elisha Mitchell Scientific Society, eighth year, 1891; 
part second, contains: Occurrence of Zirconium, by F. P. Venable; 
Magnetic Iron Ores of Ashe Co., N. C, by H. B. C. Nitze; The Occur- 
rence of Platinum in North Carolina, by F. P. Venable. 

///. Papers in Scientific JouimaU. 

The Canadian Record of Science, Vol. it, No. 8, conthins: Description 
of a new Species of Panenka from the Corniferous Limestone of Ontario, 
by J. F. Whiteaves; Notes on the Occurrence of Paucispiral Opercula of 
Gasteropoda in the Guelph Formation of Ontario, by J. P. Whiteaves; 
Note on Leptoplastus, by J. F. Matthews ; Notes to Accompany a Tabula- 
tion of the Igneous Rocks, based on the System of Prof. H. Rosenbusch, 
by F. D Adams; A Note on the Collection of Sediments in Potable 
Waters,by R.F. Ruttan; Short Notes on some Canadian Minerals, by W. 
F. Ferrier. 

The Ottawa Naturalist, Vol. v. No. 9, Jan. 1892, contains: Inaugural 
Address: The Work of the Geological Survey of Canada, by R. VV. Ells. 

The Geological Magazine, Vol. ix, No. 1, Jan. 1892, contains: The 
Lower Devonian Fish Fauna of Campbellton, New Brunswick, by A. 
Smith Woodward; On the Crystalline Schists of the Lepontine Alps, by 
Dr. F. M. Stapff; The Fauna of the Olenellus Zone in Wales, by H. Hicks; 
Readers Theory of Mountain Building, by A. J. Jukes-Browne; On Xan- 
thidia in the London Clay, by E. W. Wetherell. 

Feb. No. contains: Note on an Iguanodont Tooth, by E. T. Newton; 
Note on a New Species of Onychodus, by E. T. Newton; New 
Hyaline Foraminifera from the GaUlt, by F. Chapman; Absence of 
Glaciation in Western Asia and Eastern Europe, by H. H. Howorth; On 
Certain Highland Gneisses, by George Barrow; Continuity of the Kella- 
ways Beds near Bedford, by A. C. G. Cameron; Nature^s Manufacture of 
Serpentine, by Maj. -Gen. MacMahon; Reply to Prof Blake, by S. S. Buck- 
man. 

Mar, No, contains: The Coniston Limestone series, by J. E. Marr; On 
the formation of Landscape Marble, by H. B Woodward; On the Hlmant 
Limestone, by L. W. Fulcher; On the Flexibility of Rocks, by G. W. 
-Card. 
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IV. Excerpts and Individual Puhlimtions. 

On the Occurrence of Diamonds in Wisconsin, by Geo. F. Kunz. From 
Buil. Geol. Soc. Am., Vol. 2. 

Farmington, Washington Co., Kansas Aerolite, by Geo. F. Kunz and 
£. Weinschenk. From Am. Jour. Sci., Jan. 1892. 

Plea for the Life of the Geological and Mineralogical Survey of Texas, 
and review of the Charges Preferred against Prof. E. T. Dumble, State 
Geologist, by J. H. Hemdon, 8vo., pp. 40. Austin, Sept. 1891. 

Notes on the Genus Acidaspis, by J.M. Clarke. Communicated to the 
State Geologist, [New YorkJ Dec. 1890. 

Observations on the Terataspis grandis Hal], the largest known trilo- 
biie, by J. M. Clarke. Communicated to the State Geologist, [New York] 
Dec. 1890. 

Note on the Coronura aspectans Conrad (sp.), the Asaphus diurus. 
Green, by J.M. Clarke. Communicated to the State Geologist, [New 
York] Dec. 1890. 

The Discovery of Clymenia in the fauna of the Intumescens-Zone 
(Naples Beds) of Western New York, and its Geological Signiflcance,by 
J. M. Clarke. From Am. Jour. Sci., Jan. 1892. 

A Section of the Strata at Rochester, N. Y., as shown by a Deep Bor- 
ing, by H. L. Fairchild. From Proceed. Rochester Acad. Sci., Vol. i, 
1891. 

Reports on Short Excursions made by the Geological Department of 
the University during the autumn of 1891, by Geo. H. Williams and Wm. 
B. Clark. In Johns Hopkins University Circulars, Feb. 1892. 

The Ward Collection of Meteorites, pp. 75, Rochester, N. Y. 
. The Filling of Mineral Veins, by J. F. Kemp. From School of Mines 
Quart., No. 1, Vol. xiii, Nov. J 891. 

Theory of an Interglacial Submergence in England, by G. Frederick 
Wright. From Am. Jour. Sci., Jan. 189 i. 

The Basic Dikes Occurring Outside of the Syenite Areas of Arkansas, 
by J. F. Kemp. From Ann. Rep. Geol. Surv. Arkansas, Vol. ii, 1890. 

Height and Position of Mt. St. Ellas, by I. C. Russell. From Nat. 
Geog. Mag., Vol. iii. 1891. 

Discovery of Cretaceous Mammalia; part in, by O. C. Marsh. From 
Am. Jour. Sci., Mar. 1893. 

Soil Investigations, by Milton Whitney. From Fourth Ann. Rep. 
Maryland Agl. Exp. Station. 

Association of Apatite with Beds of Magnetite, by W. P. Blake. From 
Trans. Am. Inst. Min. Eng., Feb. 1892. 

Contributions to the Early History of the Industry of Phosphate of 
Lime in the United States, by Wm. P. Blake. From Trans. Am. Inst. 
Min. Eng., Feb. 1892. 

The Trap Dikes in the Lake Cbamplain Valley and the NelghboriDg 
Adirondacks, by J. F. Kemp and V. F. Marsters. From Trans. N. Y. 
Acad. Sci., Vol. xi, 1891. 

. A summary of Progress In Mineralofry and Petrography In 1891, W. S. 
Bayley. From monthly notes in the American Naturalist. 
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Tertiary Molluska of Florida, part ii, W. H. Dall. From the Trans. 
Wag. Free Infet., pp. 201-217, 1892. 

Parka decipiens. Notes on specimens from the collections of James 
Reid, Esq., of Allan House, Blairgowrie, Scotland, Sir William Dawson 
-and Prof. D. P. Penhallow. Trans. Roy. Soc, Canada, Sec. iv, 1891. 

Glacial lithograph (from Guthrie's geological collection); an imprint 
from a glaciated limestone surface, March, 1891. 

The Mother Maps of the United States, by Henry Gannett. From 
Nat. Geog. Mag., Vol. iv. Mar. 1892. 

Notes on Palaeozoic Crustaceae, No. 1^ On some new Sedalia Trilobites, 
by A. W. Vogdes. From Trans. St. Louis Acad. Sci., 1891. 

Artesian Wells and Water Horizons in Southern New Jersey, by Lewis 
Woolman. From Ann. Rep. State Geologist of New Jersey for 1890. 
Trenton, 1891. 

A Review of Artesian Horizons in Southern New Jersey, by Lewis 
Woolman. From Ann. Rep. State Geologist of New Jersey for 1891. 
Trenton, 1892. 

Two Species of Trees from the Post-Glacial of Illinois, by D. P. Pen- 
2iallow. From Trans Roy. Soc., Canada, Sec. iv, 1891. 

]'. Foreign Publications, 

Notes on Crystallites, by Frank Rutley. From Mineraloglcal Maga- 
zine, Vol. IX, No. 44. 

The Type Fossils in the Woodwardian Museum, Cambridge, by Henry 
Woods; 8vo, 180 pp., Cambridge, 1891. 

Eclogce Geologlcie Helvetltioe, Vol. ii, No. 5, Jan. 1892, contains: Allu- 
Tlons glaclaiVes, par Du Pasquler. 

Verhandlungen der Naturforschenden Gesellschaft in Basel, Bd. ix. 
Heft 2, contains: Geologische Mittheilungen aus der Umgebung von 
Lugano, von C. Schmidt und G. Stelnmann; Ueber ein zweites Vorkam- 
men von dlchtena Vesuvlan In den Schwelzeralpen, von C. Schmidt; 
Neuere Funde von fossllen Sftugethleren In der Umgebung von Basel, 
von L. RlUlme3'er. 

Die Quarzporphyre der Umgegend von Gross-Umstadt, von Chrlstoph 
Vogel. From Abhandl der Geolog. Landesanstalt zu Darmstadt, Bd., ii. 
Heft 1, 1891. 

Sulla Fase Eruttlva del Vesuvlo comunclata nel Glngno, 1891, dl R. V. 
Matteuccl, Napoli, 1891. 

Bulletin de la Socl6t(^ G^ologique de France, t. xix, Dec. 1891, contains: 
La Geologie et la Pal<?ontologle du bassln houlller du Gard, par R. Zell- 
ler; Note sur trols esp^ces du genre Scalpellum du Calcalre Qrossler des 
environs de Paris, par L. Bertrand; Note pr^'llminaire sur les observa- 
tions g^ologlques faltes dans I'Asle centrale, par Ch. Bogdanowltch; Sur 
quelques points de la geologie des Corbl^res, par L. Carez; Note sur les 
terrains primalres de Merens, par J. Roussel; Note sur trols nouvelles 
B(^'lemnltes s^nonlennes, par Ch. Janet; Sur le Cr(?tac<^ sup^rleur des Pyr- 
<?ndes occldentales, par Stuart-Menteath; Observations sur Tallure des 
couches dans des Pyrenees fran^alses, par J. Roussel; Sur les roches & 
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leucite de Tr^bizonde, par A. Lacroix; Notes sur quelques roches d*Ar- 
mdnie, par A. Lacroix; Note sur le genre Echinoeyamu9^ par J. Lambert;. 
Sur lea notes eeologiques de M. J. Seunes, par Stuart- Menteath; Sur 
Tattribution au Carboniffere des schistes d OWuimia du pays de Luchen, 
par Caralp; Sur les terraius quarternaires des environs de Tiaret, depart- 
ment d'Oran (Alg^rie), par J. Welsch; Note sur l^origine des gitescalam- 
inaires, par A. Lodin; Notice geologique et pal^ontologique sur le nature 
des terrains traver8<*s par le chemin de fer entre Dijon et Chalon-sur- 
Sadne, par Parandler. 

Feb, No,, 1892, contains: Etudes s* rati graph iques dans la region du Cap 
Gris-Nez, par Douvill^ et Rigaux; Observations sur la notede M. Stuart- 
Menteath intitul^e; Sur le Cretac^ superieur des Pyr^n^es Occidentales, 
par J. Seunes; Reponse & le note de M. Stuart-Menteath intitul^e; Sur le 
notes de J. Seunes, par J. Seunes; Description de deux Crinoides nou- 
veaux du Ddvonien de la Mancbe, par D. P. (Ehlert; Remarques sur le» 
gites de phosphate de chaux de la Picardie, par N. de Mercey; Notes re- 
cueillies au cours d*une exploration dans rile de Borneo, par M. Chaper; 
Relations stratigraphiques de Targile tt silex, par G.-P. Dolifus; Note 
sur les conditions dans lesquelles s*est elTectu^ le depOt de la craie dans 
le bassid anglo parisien, par Ch. Janet. 

Geology and Mineral Resources of the Upper Burdekiu, by A. Gibb 
Maitland. 4vo., 10 pp , ivith profiles and plate. 

The Geology of the Cooktown District, by A. Gibb Maitland. 4vo., 6 
pp^ S colored plates. 

Coolgarra Tin Mines and Surrounding District, by A. Gibb Maitland.. 
4vo., 6 pp., with profile and plate. 

Proceedings of the Philosophical Society of Glasgow, Vol. xxir, 1890- 
91, pp. 374. Glasgow, 1891. 

Foldtani E6zl6ny, xxi Kotet, 8-12 FUzet. Budapest, 1891. 

Vierteljahrschrift der Naturforschenden Gesellschaft in Zurich, 36th 
Jahr, Heft 3 und 4. Zurich, 1891. 

Neujahrsblatt von der Naturforschenden Gesellschaft auf das Jahr, 
1892, xciv. Zurich, 1892. 
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Rocks of the Niaqaba Agb in Indiana. — In the March (1891) number 
of the AicBRiCAH Geologist, page 178, the writer selected Saint Paal, De- 
catur county, as a typical locality for the state, giving what was consid- 
ered to be a complete representation of the Niagara strata. Since then 
the writer has traced the rocks to the Ohio river and found the fossil lay- 
ers in the northern part of Jefferson county, on a little stream by the 
name of Big creek, to be a distinct bed and lower than any strata at St. 
Paul. This stratum consists of a calcareous shale from ten to fifteen feet 
in thickness; it immediately underlies the massive homogeneous quarry 
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bed of St. Paul, Harri<i City, Greensburg and Osgood. The following Ib 
a connected section of the Niagara rocks of the state: 

Ko. 5. Bine nhale (The Waldroii foi*t*il bedi*, 10 feet). Seen on Mill creek, a short dis- 
tance above the point where it flows Into Flat Rock. 

No. 4. Thinly laminated limestone aaarrieinat St. Panl. thickness 15 feet; containing 
PUocrinun gemmfformis S. A. Miller; P. qlobogiu Riugneberg; **pear shaped crin- 
oid;"* SUphanocrlnm osgoodeMUt S. A. Miller. 

No. a. Cherty beds, containing thin plates of limestone in which are found the same fos- 
sils as in No. 8, thickness 15 feet, on Flat Rock, St, Panl. 

No. 2. Heavy laminated quarrtr rock, containing f6ssils in No. 8 but not in aach prof a - 
sion, the upper or "Ilagsring'' layers containing in addition cystids and larse cephal- 
opods, Oyror^ras tlrfydi White, Orthocerm an n ntatum Sowerby. St. Paul, Giseens- 
barg, Harris City, Osgoo<l and on Big creek, Jefferson county. 

No. 1. Calcareous shale, thickness 15 feet. Seen on Bis creek, Jefferson connty, ccn 
taining large specimens of Caryocriim$ ornatM, HolyajBtites and Sfephanocrinus 

It was also stated in the former paper that no Caryocrinus had been 
found in the state; several small species, which up to date are new, 
have been found at 8t. Paul, while bed No. 1 of above section contains 
. Caryocrinus ornatus of enormous size, the hight of the calyx of one spec- 
imen seen being three inches. 

The following general observations may be made: 

In the northern part of the state only small species, such as Pisocrinus, 
have been found; at St. Paul the specimens are larger and a great num- 
ber of Swedish genera occur such as Oallicrinus, Carpocrinus, etc., and 
small cystids, while at Greensburg and Harris City Stephanocrinus pre- 
dominates, and at Osgood the ^^pear shaped crinoid" reaches its greatest 
size. In the lowest bed, that on Big creek, Jefferson county, the cystids 
become enormous in size. 

Recently the writer has exchanged specimens with Prof. Gustaf Lind- 
Btrom, of Sweden, and finds that the corals of Sweden are nearer those of 
this lower bed than any other. Charles S. Beachleii. 

Crawford»cill4!, Ind.^ May 12, 1892, 

Prizes Awarded by the Boston Society of Natural. History. — 
A grand honorary prize placed at the disposal of the Boston Society of 
Natural History by the late Dr. William J. Walker "for such investiga- 
tion or discovery as may seem to deserve it, provided such investigation 
or discovery shall have been made known or published in the United 
States at least one year previous to the time of award*' has been unani- 
mously awarded to Prof. James D. Dana. In recognition of the value of 
the scientific work of Professor Dana and in testimony of the society's 
high appreciation of his services to science the maximum sum of one 
thousand dollars has been awarded. 

For the annual Walker prizes a first prize of one hundred dollars has 
been awarded to Baron Gerard de Geer, of Stockholm, for an essay enti- 
tled '^On Pleistocene Changes of Level In Eastern North America," and 
a second prize of fifty dollars to Prof. William M. Davis of Cambridge for 
an essay on 'The Subglaclal Origin of Certain Eskers." 

May 2, 1892. Sam'l Henshaw. 

^The "pear shaped crinoid'' has been figured by Mr. S. A. Miller in Advance sheets of 
17th Indiana report as Bophocrlnns howardi. 
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Deltas op the Hudson and Mohawk Valleys —The interesting let- 
ter in your last number (p. 344) by Mr. Taylor, and his able article in the 
American Journal of Science for March, give very clear descriptions of 
deltas in the Mohawk valley and of shore lines on the upper Laurentian 
lakes, which he refers to the presence of the sea since the recession of 
the ice-sheet. While thanking him for the excellent descriptions of these 
deltas and shore lines, I wish to offer an alternative view, showing how 
the Hudson and Mohawk deltas may be well explained by a glacial lake, 
which seems to me to be the only explanation consistent with the com- 
plete absence of Champlain or postglacial marine fossils from these val- 
leys and from all the area of the great Laurentian lakes. This explana- 
tion appeals to the receding continental ice-sheet as the northern and 
northeastern barrier of great glacial lakes in the northeastwardly descend- 
ing St. Lawrence basin, until the farther departure of the ice admitted 
the sea into the then depressed St. Lawrence and Ottawa valleys and 
basin of lake Champlain. These glacial lakes and the Champlain de- 
pression of the country northward have been demonstrated by the work 
of Gilbert, Chamberlin, Leverett and others. 

On what portion of the St. Lawrence basin did the ice-sheet continue 
latest as a barrier of lake Iroquois, the glacial lake which outflowed 
through the Mohawk valley, and afterward by the way of lake Cham- 
plain to the Hudson? This is answered by finding where the ice at the 
time of its departure was thickest upon the St. Lawrence valley, so that 
its latest movements were thence southwesterly toward the lake Irocjuois 
and easterly toward the gulf of St. Lawrence; and this area, as shown by 
the directions of glacial striFp and transportation of the drift, was the 
vicinity of Quebec. 

When the ice blockade was removed, the northward depression of the 
land, which had been slowly rising (as I have shown in Bulletin, G. S. A., 
vol. ii, pp. 258-365), was still sufficient to permit the sea to flow in where 
a great extension of lake Iroquois had previously existed. The incur- 
sion of the sea, at a somewhat lower level than had been held by the 
glacial lake, reached to the south end of lake Champlain, to the Thousand 
islands at the mouth of lake Ontario, and to Pembroke in the Ottawa 
valley, seventy-five miles above thfe city of Ottawa. To these limits the 
marine fossils of the Champlain submergence are present in beds of clay 
and sand overlying the till. Their maximum observed hight above the sea 
is 520 feet at Montreal, from which their upper limit declines southwest- 
ward to about 250 feet near the mouth of lake Ontario, southward to 
probably a less hight at the south end of lake Champlain, and eastward 
to zero in Nova Scotia. The frequent occurrence of Champlain marine 
fossils to these limits allows the formerly much increased extent of the 
gulf of St. Lawrence; but on the other hand the absence of such fossils 
westward from the mouth of lake Ontario and in the Hudson and Mohawk 
valleys marks areas where the shore lines and deltas of former bodies of 
water are referable to glacial lakes, not to the sea. If a strait of the 
ocean had occupied the Hudson valley at the time of the Champlain 
submergence, tidal currents must have swept to and fro through the val- 
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l^Ji giving the most favorable conditions for the incoming of the marine 
fauna. 

The physical features of the deltas so well described by Merrill, Davis 
and Taylor along the Hudson and the Mohawk are all satisfactorily at- 
tributable to the presence of a glacial lake, which I have called lake 
Hudson-Champlain, dammed on the north by the retreating ice-sheet 
and held somewhat above the sea level by a greater elevation of the land 
at the mouth of the Hudson and southward. The submarine continua- 
tion of the Hudson river channel is submerged only 2U) to 250 feet for a 
distance of nearly ninety miles southeastward from Sandy Hook, and I 
believe that this area during the Ohamplain epoch was a land surface 
across which the Hudson river outflowed from the glacial lake of the 
Hudson and Mohawk valleys, and later from lake Iroquois when the de- 
parture of the ice east and north of the Adirondacks allowed these lakes 
to become united. 

A seesaw movement during the Recent epoch, uplifting the land at 
the north and depressing it at the south, has given to the deltas of the 
Hudson and Mohawk their increase in altitude from south to north, and 
has raised the old sea shore at Montreal to a hight of more than 500 
feet; while the channel of the Hudson has been carried down so that the 
sea now sends its tide to Albany, the sinking of the mouth of the river at 
the Narrows having been at least 100 feet, according to Merrill, and the 
subsidence farther southward along the submarine channel probably 200 
to 800 feet. This movement Indeed appears to lie still continued on the 
New Jersey coast at the present rate of perhaps two feet in a hundred 
years. Warren Upham. 

SomerviUe, MaHs.^ May .9, ISOai, 
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Report of a Committee on the Claims of Willard Glazier. 

St. Paul, Minn., May 1), 1892. 

To the Ejcecutivf Councif of the Staff Historical Society of Min- 

uesota. 

The special committee appointed by you to consider the com- 
munication of Capt. Willard Glazier relative to his alleged dis- 
covery of the true source of the Mississippi river, has to report 
as follows: 

Ist. His charts are hydrographic and toix)graphic misrepre- 
sentations. 

2d. His claim that among his assistants were noted geogra. 
phers and expert engineers, is a bold fiction apparently devised to 
mislead the credulous. 

3d. Many of his assertions are willful perversions of well 
"established geographic and historic facts, and others betray a 
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gross, and in the light of his claims^ culpable ignorance concern- 
ing the country sui rounding the head waters of the Mississippi. 

4th. In tone, Capt. Glazier's statements are discourteous to 
this society and its representatives; to the faithful living engi- 
neers and explorers who preceded and followed him ; and a dis- 
honor to the memory of Morrison, Schoolcraft, and Nicollet. 

5th. Throughout, Capt. Glazier, as on all other occasions 
when he has discussed this matter, seems by reason of vanity, 
and a desire for commercial profit to seek a cheap notoriety, the 
only thing in the light of real discoveries and explorations that 
is left to him. 

For the reasons cited, your committee would respectfully rec- 
ommend that the communication of Capt. Glazier be tabled as in 
every sense unworthy of your adoption. 

rT. H. Kirk, 
Signed | J. V. Brower, 

L N. H. WlNCHELL. 

The Ohio Academy of Science, organized at Columbus, Dec. 
31, 1891, will hold its Summer or Field meeting, June 3 and 4^ 
at Akron, in the valley of the Cuyahoga, the guest of the Akron 
Scientific club. The president is E. W. Claypole, and the secre- 
tary is \V. R. Lazenby. 

The Wisconsin Academy of Sciences, Arts and Letters 
will have a field meeting at Green Lake, six miles from Ripon, 
Wis., June 2, 3 and 4, diversified by various scientific excur- 
sions, and by a literary program. Announcement is made by 
the secretary. Prof. W. IL Hobbs. 

Mr. Geor(*e H. Barton spoke on the evening of April 20th 
before the Boston Society of Natural Historj^ on the progress made 
during last year in his work for the U. S. Geological Survey in 
mapping the drumlins of Massachusetts. The number already 
mapped exceeds 1,100, and it is estimated that the whole number 
of these drift hills in the state is about 1,500. 

Prof. I. C. Russell, of the U. S. Geological Survey, has been 
appointed to the professorship of geology at the University of 
Michigan, long held by the late Alexander Winchell. 

The Legislature of the State of New York has appro- 
priated eighteen thousand dollars to carry forward the paleonto- 
logical work of the Geological Survey, providing for the publica- 
tion of Vol. viii of the paleontology of the state; also five 
thousand dollars **for the completion and publication of the geo- 
logical map of the state of New York, under the supervision of 
the state geologist, and in co-operation with the director of the 
United States geological survey;" also two thousand dollars to 
obtain reconls and specimens of the deep shafting by the Livonia 
Salt company. 
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